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ABSTRACT 
 
The effects of genetic factors, such as breed and single nucleotide polymorphisms 
(SNPs), on beef fatty acid composition were investigated in the current study. The first 
objective was to identify single nucleotide polymorphisms (SNPs) in the thioesterase (TE) 
domain of bovine fatty acid synthase (FASN) gene and evaluate the extent to which they 
were associated with beef fatty acid composition. The four exons in FASN that encode for 
TE were sequenced, and three SNPs, AF285607:g.17924A>G, g.18663T>C, and 
g.18727C>T, were identified. Purebred Angus bulls (n = 331) were classified into three 
genotype groups, AA (n = 121), AG (n = 168), and GG (n = 42), based on SNP 
g.17924A>G. The g.17924A>G genotype was significantly associated with fatty acid 
composition of longissimus dorsi (LD) muscle of purebred Angus bulls. Cattle with the 
GG genotype had lower myristic acid (C14:0; P < 0.0001) and total saturated fatty acids 
contents (SFA; P < 0.01), greater health index (HI; P < 0.001), oleic acid content (C18:1; 
P < 0.001), and total monounsaturated fatty acids concentrations (MUFA; P < 0.01) in the 
total lipids and triacylglycerols (TAG) fraction than did those with the AA genotype. 
Because of the linkage disequilibrium between SNPs g.17924A>G and g.18663T>C, 
similar significant associations of fatty acid contents with the g.18663T>C genotypes were 
observed. In conclusion, the SNPs g.17924A>G and g.18663T>C may be used as DNA 
markers to select breeding Angus cattle that have a healthier fatty acid composition. 
The second objective of this study was to identify single nucleotide polymorphisms 
(SNPs) in the promoter I (PI) region of bovine acetyl-CoA carboxylase-α (ACC- α) gene 
and evaluate the extent to which they were associated with lipid content and fatty acid 
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composition of beef. Eight novel single nucleotide polymorphisms (SNPs) were identified. 
Complete linkage disequilibrium was observed among 6 of the 8 SNPs. Phenotypic data 
were collected from 573 cross-bred steers. The association of genotypes determined by 
each SNP with lipid content and fatty acid composition was investigated. A mixed model 
was used for the statistical analysis that included genotype, sire line, and dam line as fixed 
effects and contemporary groups as random effect. The genotype of SNP g.2350T>C was 
significantly associated with the lipid content of beef (P < 0.05). No significant 
association, however, was detected between the genotype of any SNPs with fatty acid 
composition. 
The last objective of this study was to estimate the effects of sire breed on fatty acid 
composition of triacylglycerols (TAG), phospholipids (PL), and total lipids extracted from 
bovine Longissimus muscle (LM). Steer progeny resulting from artificial insemination 
mating of Angus and MARC III females with Hereford, Angus, Brangus, Beefmaster, 
Bonsmara, and Romosinuano males were used in the current study. Angus-sired steers had 
the greatest content of total lipids in LM, which could be attributed to its greatest content 
of TAG in LM. The concentration of each individual fatty acid in TAG was significantly 
affected by the sire breed. Bonsmara-sired steers had the greatest content of myristic acid 
(C14:0) and the lowest concentration of total MUFA compared with steers from other sire 
breeds. The index of atherogenicity (IA) was therefore greater in Bonsmara-sired steers 
than in progeny of other sire breeds. High negative correlation (r = -0.98) was observed 
between the content of total SFA and MUFA in TAG after accounting for the known 
sources of variation from the analysis model. The concentrations of fatty acids were less 
influenced by sire breed in PL than those in TAG. The content of total SFA and the value 
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of IA did not differ significantly among the steers with different sire breeds. Great 
negative correlation was observed between the content of total MUFA and PUFA in PL (r 
= -0.91). Because more than 90% of the lipids in LM were TAG, the fatty acid 
composition in total lipids was similar as that in TAG. Bonsmara-sired steers had the 
greatest IA, whereas Romosinuano-sired steers had the lowest IA in total lipids. In 
conclusion, these results suggest that sire breed is an important source of the variation for 
fatty acid composition of TAG, PL, and total lipids in LM.  
 1 
GENERAL INTRODUCTION 
 
Thesis Organization 
This thesis is to partially fulfill the requirement of the degree of Doctor of Philosophy. It is 
organized as a general literature review followed by one paper published in Animal 
Genetics, one manuscript for submission to Journal of Animal Science, and one short 
communication for submission to Animal Genetics. The appendix consists of one 
manuscript for submission to Journal of Nutritional Biochemistry. The literature review 
introduces the background of the topics addressed in the manuscripts in the main body of 
the thesis. Each manuscript is complete on its own and has an abstract, introduction, 
material and methods, results and discussions either combined or separated, and a 
bibliography. The manuscripts are formatted according to the requirement of the journals. 
The appendix is preceded by a general summary section including summaries of the 
results, conclusions, and future work and a reference section for references cited in the 
literature review and general conclusion sections.  
 
Literature Review 
Fatty acids and health 
It has been recognized for several decades that the fatty acids in the diet play an 
important role in determining the plasma cholesterol concentration and high dietary intake 
of saturated fatty acids (SFA) causes elevated plasma cholesterol, which contributes to 
cardiovascular disease (Bronte-Stewart et al., 1956; Hegsted et al., 1959; Keys et al., 
1950). Among the SFA, shorter chain fatty acids, such as 6:0 to 10:0, and stearic acid 
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(18:0) had little effects on plasma cholesterol concentration, whereas lauric (12:0), 
myristic (14:0), and  palimitic (16:0) acids increased plasma cholesterol concentration 
(Bonanome and Grundy, 1988; Keys et al., 1974; McGandy et al., 1970). Furthermore, 
14:0 was considered to have the most harmful cardiovascular effect on humans, which is 
almost four times the effect of 12:0 and 16:0 (Hegsted et al., 1965; Keys et al., 1974). In 
contrast, the monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) 
decrease the plasma cholesterol concentration by increasing hepatic LDL receptor activity 
(Rudel et al., 1995; Woollett et al., 1992; Yu et al., 1995). The neutral effects of shorter 
chain SFA is attributed to their direct absorption into the portal circulation, whereas the 
minimal effect of 18:0 was attributed to its high conversion rate to oleic acid (18:1 n-9), a 
major MUFA in animals (Bonanome and Grundy, 1988).  
Conjugated linoleic acid (CLA) refers to a group of geometric and positional isomers 
of linoleic acid that contain a conjugated double bond system. It is found predominantly in 
ruminant products such as beef, lamb, and dairy and is generated by trans-isomerization 
reactions catalyzed by enzymes of ruminal bacteria during the biohydrogenationation 
process of linoleic acid (18:2) and linolenic acid (18:3 n-3), which are rich in plants (Geay 
et al., 2001). Numerous studies have shown that CLA has antiobesity (Gavino et al., 2000; 
Ostrowska et al., 1999; Park et al., 1997; West et al., 2000), anticarcinogenic (Cunningham 
et al., 1997; Ip et al., 1995; Tsuzuki et al., 2004), and antiatherosclerotic effects (Lee et al., 
1994; Nicolosi et al., 1997). Because of these health beneficial properties of CLA, there 
has been great interest in increasing the content of CLA in meat and dairy products.  
Meat contributes to 16% of the SFA intake in US supply in 2004. The ruminal 
microorganisms of beef cattle hydrogenate the majority of dietary unsaturated fatty acids, 
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which results in a higher concentration of saturated fatty acids in beef compared with meat 
from nonruminant animals. There is a delicate balance among the nutritional value of beef, 
its palatability, and its share of the market of meat. The consumption of beef has decreased 
from a high of 40.4 kg per capita in 1976 to 29.5 kg per capita in 2003. This decrease 
could be attributed, in part, to consumer’s concerns about the healthfulness of beef. For 
example, the American Heart Association recommends keeping the calories from SFA less 
than 10% by limiting intake of full-fat dairy products, fatty meat, and tropical oils. Beef, 
however, is also an important source of nutrients, such as essential amino acids, B 
vitamins, and minerals. Designing beef to meet the nutritional demands of consumers 
without compromising other nutritional attributes or palatability is essential for beef to 
compete in a market where consumers demand products that are healthful. 
 
Factors affecting beef fatty acid composition  
The fatty acid composition of beef is affected by environmental factors, such as diet, 
and genetic factors, such as gender, breed, and single nucleotide polymorphism (SNP).  
 
Diet. For non-ruminant animals, SFA and unsaturated fatty acids (UFA) from the diet 
pass through the digestive system without change and the fatty acid composition of 
intramuscular and subcutaneous fat reflect the major dietary fatty acids (Nurnberg et al., 
1998). In contrast, the microorganisms in the rumen of cattle hydrogenate most of the 
dietary UFA, resulting in the fatty acid composition of beef being much less dependent on 
diet than meat from non-ruminant animals. However, a small proportion of dietary UFA 
remains intact in the rumen and is subsequently absorbed from the small intestine, which 
 4 
makes it possible to modify the tissue fatty acid composition of cattle by diet (Bauchart et 
al., 1996).  
The effects of feeding grass or concentrates on fatty acid composition of beef, 
especially the CLA content, have been studied in several experiments. French et al. (2000) 
investigated the effects of grazed grass, grass silage, or concentrates on fatty acid 
composition of intramuscular fat (IMF) of steers and found that increased grass intake 
decreased the concentration of SFA and increased the content of CLA. A recent study 
showed that increasing the duration of grazing led to a linear increase of CLA in IMF of 
heifers (Noci et al., 2005).  
The effects of supplemented n-6 oil on fatty acid composition of beef cattle have been 
investigated. Corn oil supplementation decreased the concentrations of 14:0, 16:0, and 
18:3n-3 and increased the percentages of 18:2, vaccenic acid (18:1 t11; VA), and CLA in 
both longissimus muscle (LM) and subcutaneous adipose tissue of steers (Pavan and 
Duckett, 2007). No significant difference was observed in the fatty acid composition of 
cattle supplemented with either 18:1- or 18:2- rich oil (Hristov et al., 2005).  
Diets rich in n-3 fatty acids, such as fish oil and linseed, were fed to cattle to raise the 
content of n-3 fatty acids. Dietary fish oil increased the concentrations of VA and CLA 
isomers, cis-9, trans-11 and trans-10, cis-12, and decreased the n-6 to n-3 ratio in the 
neutral lipid fraction of intramuscular total lipids (Noci et al., 2007). Feeding extruded 
linseed increased the concentrations of 18:3n-3, eicosapentanoic (20:5n-3), 
docosapentaenoic (22:5n-3) acids, and CLA and decreased the concentrations of 
eicosatrienoic acid (20:3n-6) and 20:4n-6, as well as the n-6 to n-3 ratio in LM (Barton et 
al., 2007). 
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Gender. Gender is an important factor that influences fatty acid composition of beef 
cattle. Several studies investigated the differences between heifers, steers, and bulls. 
Zembayashi et al. (Zembayashi et al., 1995) found that heifers had greater contents of 18:1 
and total MUFA in subcutaneous and intramuscular neutral lipids than steers. In addition, 
significant differences in the contents of 16:0, eicosenoic (20:1), 20:5 n-3 acids were 
observed in intramuscular phospholipids (PL) between the two gender groups, even though 
the differences were small (Zembayashi et al., 1995). Similarly, significant gender 
differences were observed in the majority of the fatty acids in muscle PL in another study, 
which showed that yearling steers had more 14:0, 16:0, 18:0 and total MUFA and less 
18:2, arachidonic (20:4) acid , 20:5 n-3, and total PUFA than did heifers (Malau-Aduli et 
al., 1998). A recent study showed that steers had lower MUFA to SFA ratio and greater 
total SFA content than did heifers in LM, whereas heifers had greater percentage of 18:2 
and PUF to SFA ratio than did the steers in subcutaneous tissue (Elías Callesa et al., 2000). 
Hood and Allen (1971) found that fatty acid composition of bull IMF frequently differed 
from the that in heifers or steers, whereas less differences were observed between the latter 
two sexes. Eichhorn et al. (1986) showed that each individual fatty acid in LM differed 
between bulls and steers. Overall, bulls had lower content of SFA and greater content of 
MUFA and PUFA in LM than did steers (Eichhorn et al., 1986).  
The differences of fatty acid composition observed in previous studies could be 
attributed to the hormonal differences between different gender groups (Eichhorn et al., 
1986; Malau-Aduli et al., 1998). Compared with bulls, steers lack the male hormone 
testosterone as the result of castration, which leads to decreased muscular development 
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and increased fat deposition in both subcutaneous and intramuscular adipose tissues 
(Bailey et al., 1966). Because PL are necessary components of cell membrane, the content 
of PL in LM is stable. Differences in total lipid content in cattle, therefore, are attributed 
mostly to the differences in TAG content. The fatty acid composition of TAG and PL 
differ greatly. Triacylglycerols are rich in 16 and 18 carbon fatty acids, which are, for the 
most part, saturated or monounsaturated. The fatty acids in PL, in contrast, are on average 
longer in chain length than those in TAG and are richer in PUFA. The increased fat 
deposition in steers leads to increased TAG content in muscle tissue and ratio of TAG to 
PL in total intramuscular lipids, which further contribute to differences in fatty acid 
composition of total lipids in muscle tissue.  
 
Breed. Because of the trivial effects of diet on fatty acid composition of beef cattle, 
many studies have been focused on the influences of breed. Eichhorn et al. (1986) 
investigated the fatty acid composition of muscle and adipose tissues from cows 
representing 15 breeds and crosses, which included pure-bred Hereford, Angus, and 
Brown Swiss and cross-bred cows produced from mating of Hereford and Angus females 
to Hereford, Angus, Red Poll, Brown Swiss, Gebvieh, Chianina, and Maine Anjou males 
and found that breeds significantly affected the percentages of most fatty acids in LM and 
subcutaneous adipose. However, the fatty acid composition of TAG and PL fractions from 
LM was similar between breeds and the differences observed in total lipids were attributed 
mainly to the differences of TAG to PL ratio. Differences in percentages of several fatty 
acids in total lipids and PL of LM were observed between Simmental- and Red Angus- 
sired steers (Laborde et al., 2001). Malau-Aduli et al. (1998)reported significant breed 
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differences in some individual fatty acids in PL between Jersey and Limousin cows. 
Discriminant analyses identified three acids (14:0, 16:0, and 17:1) that differed among 
steers from different sire breeds, which included Brahman, Bos taurus, Hereford, 
Simmental, and Friesian (Perry et al., 1998). A recent study compared the fatty acid 
composition of meat from young bulls from three breeds, Belgian Blue, Limousin, and 
Aberdeen Angus and found that double-muscled Belgian Blue had the lowest IMF 
associated with lower contents of SFA and MUFA (Cuvelier et al., 2006). Barton et al. 
(2007) used Limousin and Charolais heifers to evaluate the effect of a basal diet with 
linseed supplementation and observed that breed differences were generally more 
important than those of the diet.  
Japanese black Wagyu cattle have high palatability, marbling scores, and MUFA 
content (Elías Callesa et al., 2000). Several studies have compared the fatty acid 
composition of Wagyu cattle with cattle from other breeds. May et al. (1993) reported that 
cross-bred Wagyu steers had greater percentages of 14:1, 16:1 and 18:1 and lower 
concentrations of 16:0 and 18:0 in both subcutaneous and intramuscular tissues than did 
pure-bred Angus steers. Similarly, Xie et al. (1996) observed that Wagyu-sired cross-bred 
steers had greater percentages of 14:0, 14:1, 16:0, 16:1 and lower concentration of 18:0 
than Angus-sired cross-bred steers in both subcutaneous adipose and LM tissue. In 
addition, a recent study on fatty acid composition using Wagyu steers derived from 34 
sires suggested that genetic factors affected fatty acid composition of carcass fat in 
Japanese Black Wagyu cattle and that some sires had potent genetic factors affecting the 
percentages of MUFA in carcass fat (Oka et al., 2002).   
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Single Nucleotide Polymorphism. Single nucleotide polymorphism is a DNA 
sequence variation that occurs when a single nucleotide (A, T, C, or G) in the genome 
sequence differs between members of a species. An allele frequency can be assigned to a 
SNP within a population. Because there are DNA sequence variations between animal 
breeds, an SNP allele that is common in one breed may be rare in another breed. When a 
SNP occurs in coding regions, it may or may not result in amino acid change in the protein 
that is produced because of the degeneracy of the genetic code. A SNP occurring in a 
protein-coding region that does not result in amino acid replacement is called synonymous 
mutation. Single nucleotide polymorphisms occurring in a 5’ untranslated region may have 
effects on transcription factor binding, RNA splicing, or other consequences caused by the 
sequence change of non-coding RNA. Haplotype, a contraction of the phrase ‘haploid 
gentoype’, refers to a set of SNPs on one chromatid that are statistically associated and 
tend to be inherited together.  
Several studies have focused on identifying SNPs associated with key enzymes of the 
fatty acid synthesis pathway, such as fatty acid synthase (FASN) and stearol-CoA 
desaturase (SCD). If a SNP or a haplotype is found to be significantly associated with the 
fatty acid composition of animal products, it could be used as a genetic marker to select 
animals with desired phenotypic traits.  
Roy et al. (2006) indentified 2 novel SNPs in the bovine FASN gene. One of them 
occurs in the untranslated exon 1 and alters a potential Sp1 transcription factor binding 
site. The other one is located in exon 34 and results in an amino acid change from 
threonine to alanine. The allelic frequencies for the SNPs were significantly differerent 
between Holsteins with high and low breeding values for milk fat content, which suggests 
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an association of the 2 SNPs with variation in milk fat content. Morris et al. (2007) 
recently identified a quantitative trait loci (QTL) on bovine chromosome 19 that affects the 
content of 14:0 in subcutaneous adipose tissue of beef cattle. Fatty acid synthase was 
identified as the positional candidate gene for this QTL. Five SNPs then were identified in 
FANS gene and two of them, a synonymous mutation and a intronic SNP, were shown to 
be significantly associated with 14:0 and 18:1 content of milk fat of Jersey-sire cows, but 
not in Freisian-sired cows. In addition, the effects of that synonymous mutation on 14:0 
content in subcutaneous adipose and milk fat were in opposite direction.  
Taniguchi et al. (2004) compared the sequence of full-length SCD cDNA among 
Japanese Black cattle and identified 8 SNPs. They classfied 1003 Japanese Black cattle 
into three genotypes (VV, VA, and AA) according to one coding SNP that prediects an 
amino acid substitution from valine (type V) to alanine (type A). The cattle with genotype 
AA had the greatest and the cattle with gentoype VV had the lowest contents of total 
MUFA. Approximatley 4% of the total varation of MUFA content was explained by the 
number of A alleles. A recent study (Keating et al., 2005) characterized the promoter 
region of bovine SCD gene and did not find SNPs in SCD promoter in Holstein Friesian, 
Montbeliarde, Normande, Norwegian Red, Charlois, Limousin, and Kerry breeds.   
 
Regulation of fatty acid synthesis 
Fatty acid synthesis in animals occurs in the cytosol, which is segregated from the β-
oxidation pathway in mitochondria. In liver and adipose tissue, the reducing power for 
fatty acid synthesis, NADPH, is generated mainly by the pentose phosphate pathway and 
by malic enzyme, and in lactating mammary gland the cytosolic NADPH is generated 
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mainly by the pentose phosphate pathway. The acetyl-CoA produced in mitochondria from 
pyruvate oxidation is transported indirectly to the cytosol by the citrate-malate-pyruvate 
shuttle. A three carbon intermediate, malonyl-CoA, is synthesized from acetyl-CoA to 
provide the two-carbon unit for chain elongation. The synthesis of fatty acids proceeds in a 
repeating four-step sequence with the main product as 16:0. De novo synthesized 18:0 or 
even longer chain fatty acids are produced from 16:0 by fatty acid elongases present in 
mitochondria and smooth endoplasmic reticulum (ER). A single cis double bound can be 
introduced to 16:0 or 18:0 to form MUFA by SCD. Neither 18:2 nor 18:3 can be 
synthesized by mammals. Longer chain PUFA, however, can be produced by elongation 
and desaturation from these two essential fatty acids.  
 
Accetyl-CoA carboxylase. Accetyl-CoA carboxylase (ACC) catalyzes the 
carboxylation of acetyl-CoA to generate malonyl-CoA. There are two isoforms of ACC 
that have been identified. In rats and human, the isoform that has a molecular weight of 
265,000 and is involved in fatty acid synthesis is designated as ACC-α, whereas the 
isoform that has a molecular weight of 275,000-280,000 is designated as ACC-β (Widmer 
et al., 1996). Human ACC-β has 150 extra amino acids at the N terminus compared with 
ACC- α. The amino acid sequences of remaining regions of the two isoforms have 
approximately 75% identity (Kim, 1997).  
Studies have suggested that ACC-β may play a role in regulation of β-oxidation by 
controlling the activity of carnitine-palmitoyl CoA transferase 1 in the mitochondria 
membrane (CPT-1). Fatty acyl-CoA is taken to the mitochondria for degradation via the 
CPT-1 transport system. The activity of CPT-1 is very sensitive to inhibition by malonyl-
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CoA. Accetyl-CoA carboxylase, therefore, plays an important role in regulating CPT-1 
activity through malonyl-CoA. Lipogenic tissues, such as liver and adipose, are rich in 
ACC with ACC-α as the predominant isoform (Thampy, 1989; Winz et al., 1994). In 
contrast, skeletal and heart muscles, which use long chain fatty acids as the main energy 
sources and are not lipogenic, also contain large amount of ACC, but with the majority of 
them as ACC-β (Bianchi et al., 1990; Thampy, 1989). Studies on heart tissue or myocytes 
demonstrated that the increased activity of ACC by physiological condition changes was 
associated with decreased rate of fatty acid oxidation, indicating the regulation of ACC-β 
on CPT-1 (Awan and Saggerson, 1993; Saddik et al., 1993). Inhibition of ACC-β is 
suggested to be a therapeutic option for the treatment of obesity and type 2 diabetes (Choi 
et al., 2007).  
 Because ACC-α catalyzes the rate limiting step of fatty acid synthesis, extensive 
studies have focused on the regulation of this enzyme, which includes short-term 
regulation of enzyme activity via reversible phosphorylation or allosteric interactions and 
long-term regulation at the transcriptional level.  
Multiple phosphorylation sites have been identified in ACC-α that can be 
phosphorylated by different protein kinases, such as cAMP-dependent protein kinase 
(cAPK), ACC kinase 2 (ACK2) and the AMP-activated protein kinase (AMPK) (Ha et al., 
1994; Munday et al., 1988). Generally, ACC-α is deactivated by phosphorylation and 
activated by dephosphorylation. Phosphorylation by cAPK and ACK2 results in an 
increase in Kα and a modest decrease in Vmax, whereas phosphorylation by AMPK results 
in a great decrease in Vmax (Munday et al., 1988). Hormones, such as glucagon, 
epinephrine, and insulin regulate the activity of ACC-α by regulating the phosphorylation 
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of this enzyme (Mabrouk et al., 1990). Glucagon rapidly inactivates ACC-α with an 
accompanying large increase in the phosphorylation of the enzyme (Holland et al., 1985; 
Swenson and Porter, 1985). Epinephrine activates cAPK, which, in turn, phosphorylates 
and inactivates ACC-α (Lee and Kim, 1979; Witters et al., 1983). Insulin promotes 
phosphorylation of ACC-α, however, this phosphorylation does not result in an increase of 
enzyme activity (Haystead and Hardie, 1988). The activation of ACC-α of by insulin is 
attributed partly to the dephosphorylation of the enzyme (Mabrouk et al., 1990), which 
involves the inhibition of AMPK activity by insulin (Witters and Kemp, 1992).  
As an allosteric activator for ACC-α, citrate increases the Vmax of the enzyme. A 
linear inverse relationship was observed between the activity ratios of  ACC-α  and citrate 
concentrations (Jamil and Madsen, 1987). Citrate induces conformational changes in the 
vicinity of the prosthetic group of ACC-α, and this conformational change is correlated 
with enhanced activity of the carboxybiotinyl moiety (Ryder et al., 1967).  
Regulation of ACC-α expression involves the activation of different promoters. Two 
promoters in the ACC-α gene, promoter I (PI) at the 5’ upstream of exon 1 and promoter II 
(PII) at the 5’ upstream of exon 2 as shown in Fig 1, were identified in rats (Lopez-Casillas 
and Kim, 1989). Five forms of ACC transcripts with heterogeneous 5’ untranslated regions 
(UTR) are produced as the result of differential splicing of the two primary exons, exon 1 
for PI initiated transcripts and exon 2 for PII initiated transcripts, onto combination of 
other exons (Luo et al., 1989). These transcripts fall into two classes according to their 5’-
end exon of the mRNA (Fig. 1). Class 2 transcripts, the PII transcripts, are found in all rat 
tissues (Kim et al., 1996). Class 1 transcripts, the PI transcripts, however, are tissue 
specific and are regulated by nutrition status (Tae et al., 1994). In rats fed standard chow 
 13 
diet, basal levels of PI and PII transcripts are found in white adipose tissue and liver, 
respectively (Lopez-Casillas et al., 1991). Starvation resulted in virtual disappearance of 
both PI and PII transcripts in tissues. After refeeding, fatty acid synthesis is stimulated and 
both PI and PII are activated in the liver; however, in white adipose tissue, only PI is 
activated by this nutritional induction (Lopez-Casillas et al., 1991). In the lactating rat 
mammary gland, only PII is active and its activity remains increased throughout lactation. 
During the same time, in adipose tissue, the activities of both PI and PII are shut off, 
whereas, in the liver, the activity of PII is affected minimally (Lopez-Casillas et al., 1991).  
Glucose alone is able to induce the increase of ACC-α mRNA in cultured adipose 
tissue of suckling rats (Foufelle et al., 1994). Insulin treatment alone causes modest 
increases of PI transcript concentration in rat hepatocytes. However, insulin and glucose 
synergistically increased the level of of ACC-α  mRNA transcribed from PI with little or 
no effects on PII transcripts (O'Callaghan et al., 2001). A DNA element, which is 
designated to ChoRE and consists of two E box half-sires related to the sequence 5’-
CACG, is critical for the transcriptional induction of several genes by glucose (Koo and 
Towle, 2000; Liu et al., 1993; Shih et al., 1995). The transcriptional factor, ChoRF, which 
binds to ChoRE, seems to play a role in regulation of lipogenic enzyme gene transcription 
induced by glucose (Koo and Towle, 2000). In culture of rat hepatocytes, ChoRF binds to 
ChoRE in ACC-α and regulates ACC PI activity in the presence of glucose (O'Callaghan 
et al., 2001). Dietary soy protein isolate (SPI) decreased the hepatic ACC-α mRNA mainly 
by regulating the PI promoter via nuclear factors other than sterol-regulatory element 
binding protein (SREBP)-1 (Aoki et al., 2006). In summary, PI is active in lipogenic 
tissues and is inducible under stimulated lipogenic conditions, whereas PII may be 
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responsible for providing the basic cellular needs of fatty acids, such as membrane PLs 
(Kim et al., 1996). In rats, PII is also responsible for fatty acid needs in lactation.  
Similar to rats, the PI transcripts in sheep are present only in adipose tissue and liver 
and are abundant in adipose tissue, which comprise approximately 65% of the total ACC-α 
(Travers and Barber, 1999). An E-box motif located at -114 in the proximal region of PI in 
the ovine ACC-α gene binds upstream stimulatory factor (USF)-1 and USF-2, but not 
SREBP-1, and acts as an insulin- response sequence in differentiating adipocytes (Travers 
et al., 2001). During lactation, the concentration of ovine ACC-α mRNA in adipose tissue 
is suppressed greatly, which is attributed to, at least in part, the decline of insulin 
sensitivity (Travers et al., 1997). This suppression of ACC-α transcript level is promoter 
specific, in that the concentration of PI transcripts decreases dramatically, whereas that of 
PII transcripts decreases to a much lesser extent (Travers and Barber, 1999). Bovine PI is 
active in adipose tissue, similar to other species. In addition, bovine PI transcripts are also 
very prominent in the mammary gland, but their concentration does not increase during 
lactation, which may be explained by PI being active in adipocytes in the mammary gland 
(Mao et al., 2001). The structures of bovine and ovine PI show true homology and are 
different from the PI of human and rats (Mao et al., 2001).  Similar to other species, 
bovine PII is fairly ubiquitously expressed with little tissue-specific restriction (Mao and 
Seyfert, 2002).  
In addition to PI and PII, promoter III (PIII) has been identified in the ovine and 
bovine ACC-α gene (Barber and Travers, 1998; Mao et al., 2001). The PIII is located in 
the upstream of exon 5A, which is between exon 5 and 6, and the PIII transcripts consist of 
exon-5A-encoded RNA spliced to exon 6 (Fig 2). In PI and PII transcripts, exon 5 is the 
 15 
primary coding exon, which contains the translational start codon. Therefore, the proteins 
generated from PI and PII transcripts are the same. However, in PIII transcripts, exon 5A 
is the primary exon that provides an alternative translation initiation codon. The protein 
generated from PIII transctipt, the E5A isozyme of ACC-α, therefore, has a different 
amino acid sequence at the N-terminus compared to the enzyme from PI and PII (Barber 
and Travers, 1998; Mao et al., 2001). The residue at the −5 position in the AMPK 
consensus sequence for phosphorylation of Ser 80 in ovine ACC-α is altered when exon 
5A is the primary exon, and may result in kinetic changes of this isozyme (Michell et al., 
1996). The ovine PIII transcripts are tissue specific and are found in several tissues, 
including lung, liver, kidney, brain, and the mammary gland but not in several other 
tissues, such as spleen, muscle, and adipose tissues. In addition, the activity of PIII in the 
mammary gland is significantly induced during lactation (Barber and Travers, 1998). 
Bovine PIII transcripts are primarily present in the mammary gland, and are strongly 
induced during lactation (Mao et al., 2002). Mutation of the activator of transcription 
(STAT) motif in the bovine ACC-α PIII promoter attenuates lactogenic hormone induction 
of reporter constructs when transfected into HC11 cells, which suggests that prolactin 
signals through STAT5, which binds to STAT motif in PIII, and therefore induces ACC-α 
expression in mammary gland during lactation (Mao et al., 2002). Chromatin 
immunoprecipitation demonstrated that nuclear factor-Y (NF-Y) and upstream stimulatory 
factors (USFs) were associated with ovine PIII in vivo in both lactating and non-lactating 
mammary tissues (Barber et al., 2003). The induction of ovine PIII transcripts during 
lactation involves recruiting of SREBP-1 to the proximal promoter region, which indicates 
the role of SREBP-1 in regulating milk fat synthesis (Barber et al., 2003)  
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Fatty acid synthase. Fatty acid synthase is a multifunctional enzyme complex that 
catalyzes the synthesis of long-chain saturated fatty acids by using acetyl-CoA as the 
primer, malonyl-CoA as the two-carbon donor, and NADPH as the reducing power (Wakil 
et al., 1983). In animals, FASN is a homodimer of two identical subunits with each 
containing seven different catalytic enzymes, which are β-ketoacyl synthase (KS), malonyl 
transferase (MT), acetyl transferase (AT), β-hydroxyacyl dehydrase (HD), enoyl reductase 
(ER), β-ketoacyl reductase (KR), and thioesterase (TE) plus an acyl carrier protein (ACP) 
(Wakil, 1989). The organization of these active sites along the polypeptide coded by one 
single gene is KS, MT/AT, HD, ER, KR, ACP, and TE from the N terminus to the C 
terminus. These activities can be grouped into three separate domains. Domain 1 contains 
KS, MT/AT, and DH; domain 2 contains ER, KR, and ACP; and domain 3 contains TE 
(Chirala et al., 1997; Joshi and Smith, 1993). The dimers are arranged in an antiparallel 
configuration, which generates two active centers for fatty acid synthesis separated by an 
interdomain region (Chirala et al., 2001).  
The TE domain in the FAS complex is responsible for terminating fatty acid synthesis 
and release of the newly synthesized SFA by hydrolyzing the acyl-S-phosphopantetheine 
thioester bound to the preceding ACP. The hydrolytic activity of TE is high when 
palmityl- and stearyl-CoA are the substrate, whereas low specific activities were observed 
for myristyl and oleyl-CoA and little or no activities for capryl- and lauryl-CoA (Lin and 
Smith, 1978; Pazirandeh et al., 1989). Therefore, 16:0 is the main product of FAS, whereas 
a minor amount of 14:0 is also produced. Recent study of the TE domain structure of 
human FASN revealed the presence of a hydrophobic groove with a distal pocket at the 
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interface of two monomers, which constitutes the candidate substrate binding domain 
(Chakravarty et al., 2004). The length and significant hydrophobic nature of the groove 
and pocket contribute to the highly selective hydrolysis of palmityl- and stearyl-CoA.  
Short-chain (4:0 and 6:0) and medium-chain (8:0 and 10:0) fatty acids, however, are 
present in milk fat. Milk from rat and rabbit contains medium- and long-chain fatty acids 
(Smith et al., 1968), whereas milk from goat and cow contains short-, medium-, and long-
chain fatty acids (Breckenridge and Kuksis, 1967), which indicates that mammary FASN 
is able to synthesize short- and medium-chain fatty acids. Short-chain fatty acid synthesis 
in the goat mammary gland is not terminated by TE-catalyzed hydrolysis but by a 
transferase reaction, probably catalyzed by AT/MT in FASN (Hansen and Knudsen, 1980). 
Purified mammary gland FASN from rat and rabbit is unable to synthesize medium-chain 
fatty acids (Grunnet and Knudsen, 1979). A medium-chain acyl hydrolase (thioesterase II) 
has been purified from mammary glands of lactating rats (Libertini and Smith, 1978) and 
rabbits (Knudsen et al., 1976), which hydrolyzes acyl-fatty acid synthetase thioesters of 
intermediate chain length and, thus, plays an important role in medium-chain fatty acid 
synthesis in milk fat. However, researchers were unable to detect thioesterase II in 
mammary gland of goats and cows (Grunnet and Knudsen, 1979). Furtheremore, in 
contrast to rat and rabbit, ruminant mammary gland FASN can synthesize medium chain 
fatty acids (Knudsen and Grunnet), which is not attributed to the TE domain (Grunnet and 
Knudsen, 1983). It is possible that the AT/MT in FASN is responsible for the release of 
medium-chain fatty acids from ruminant mammary gland FASN (Mikkelsen et al., 1985).  
The FASN expression and activity are regulated by diet and hormones. Human FASN 
in adults is distributed primarily in cells with high lipid metabolism, such as adipocytes, 
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corpus luteum, hepatocytes, sebaceous glands, and Type II alveolar cells, and in hormone-
sensitive cells, such as anterior pituitary, apocrine gland, breast, endometrium, prostate, 
seminal vesicle, and adrenal cortex. In contrast, fetal FASN is highly expressed in 
proliferative epithelial cells of the digestive and respiratory systems, proximal renal 
tubules, adrenocortical cells, and mesenchymal and hematolymphoid cells (Kusakabe et 
al., 2000). The expression of FASN in human endometrium during the menstrual cycle is 
enhanced by binding of steroid hormones, such as estradiol and progestins, to their 
corresponding receptors (Pizer et al., 1997). Cross-talk of multiple hormones, including 
prolactin, cortisol, insulin, and progestins, stimulate the FASN expression in the mammary 
gland during lactation (Anderson et al., 2007).  
In general, the concentration of circulating insulin increases during ingestion of a high 
carbohydrate diet, which induces the expression or activities of enzymes involved in fatty 
acid and triacylglycerol synthesis. In contrast, the concentration of glucagon increases 
during starvation, which suppresses the expression or activities of lipogenic enzymes (Sul 
and Wang, 1998). SREBP1 is considered as the master regulator for induction of FASN by 
lipogenic hormones (Menendez and Lupu, 2007). The expression of adipocyte 
determination- and differentiation-dependent factor-1 (ADD1) and SREBP1, as well as 
leptin and FASN, in adipose tissue is reduced dramatically upon fasting and elevated upon 
refeeding. The elevation of gene expression by refeeding in vivo is mimicked by exposure 
of cultured adipocytes to insulin (Kim et al., 1998). A study of normal and SREBP1 gene 
knockout mice showed that the hepatic mRNA levels of FASN and ACC were low in both 
types of mice during fasting, and the refeeding stimulated the gene expressions in wild 
type mice but not in SREBP1(-/-) mice (Shimano et al., 1999). Acute activation of cAkt 
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which is downstream of PI 3-kinase, is sufficient to induce SREBP1 mRNA accumulation 
in primary hepatocytes and might be the major signaling pathway by which insulin induces 
SREBP1 gene expression in the liver (Fleischmann and Iynedjian, 2000). A recent study 
showed that SREBP1 and upstream stimulatory factor (USF) interact directly in vitro and 
in vivo, and together contribute to the induction of lipogenic gene expression under insulin 
signal (Griffin et al., 2007).  
Dietary fatty acids inhibit liver fatty acid synthesis in rats, and PUFA are more 
inhibitory than SFA (Wilson et al., 1990). The gene expression of several enzymes 
involved in hepatic lipogenesis, such as FASN and malic enzyme, are suppressed by 
supplemental PUFA in vivo and in vitro. In addition, no differences were observed 
between n-6 and n-3 PUFA treatments (Jump et al., 1994). Further investigation revealed 
that PUFA decreased the nuclear content of mature SREBP1c, which is paralleled by a 70-
90% suppression in FASN mRNA. In contrast, MUFA, such as 18:1, has no effects on 
SREBP1c and FASN gene expression (Xu et al., 1999). A recent study demonstrated that 
PUFA decreased in vivo binding of SREBP1c and nuclear factor-Y (NF-Y) to the proximal 
promoters of several lipogneic genes, including FASN, in liver. These results suggest that 
PUFA-dependent regulation of SREBP1c and NF-Y binding to a unique configuration of 
their response elements within the promoter of target genes may represent a common 
mechanism through which dietary PUFA selectively and reciprocally regulates hepatic 
genes involved in lipid metabolism (Teran-Garcia et al., 2007).  
Figure 3 summarizes the regulation of FASN expression by SREBP1c (Menendez and 
Lupu, 2007). In lipogenic tissues, such as adipose and liver, FASN expression is regulated 
by carbohydrates, dietary fatty acids, fasting, and hormones generated by nutritional 
 20 
stimulations, such as leptin, glucagon, and insulin. These nutrients and hormones act on 
(either inhibit or activate) phosphtidylinositol-3 kinase (PI3K)-Akt and extracellular 
signal-regulated kinases (ERK1 and ERK2) signal transduction cascade, which also are 
triggered by the binding of hormones, such as estradiol, progestins, prolactin, and 
androgen, to their corresponding receptors in hormone-sensitive tissues. This PI3K-Akt 
and ERK1/2 signal transduction cascades induces the maturation or expression of 
SREBP1c. The inactive SREBP1c precursor (pSREBP1c) is anchored in the ER 
membrane. Recruiting of SREBP cleavage-activating protein (SCAP) releases the 
pSREBP1c-SCAP complex from the ER membranes to membranes of the Golgi apparatus, 
where site-1 protease cleaves pSREBP1c into two halves. Further cleavage by site-2 
protease on the N-terminal half releases the cytoplasmic portion, which is mature 
SREBP1c. SREBP1c travels to the nucleus, binds to the sterol-regulatory elements in 
FASN promoter, and stimulates the transcription of FASN.  
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Figure 1. Structure of the 5’ end of the rat acetyl-CoA carboxylase (ACC)-α gene and of 
the different classes of rat ACC-α mRNA. Adopted from Kim, 1997.  
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Figure 2. Genomic locations of promoters in bovine acetyl-CoA carboxylase (ACC)-α 
gene. Adopted from Mao et al., 2001 
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Figure 3. Regulation of fatty acid synthase (FASN) by sterol regulatory element binding 
protein 1-c (SREBP1c). Adapted from Menendez and Lupu (2007). A, androgens; AR, 
androgen receptor; E2, estradiol; ER, estrogen receptor; ER, endoplasmic reticulum; 
ERK1/2, extracellular signal regulated kinases 1/2; FAs, fatty acids; MEK, mitogen-
activated ERK kinase; P, progestins; PI3K, phosphatidyllinositol-3 kinase; pSREBP1c, 
inactive SREBP1c precursor; PR, progesterone receptor; PRO, prolactin; PROR, prolactin 
receptor; SCAP, SREBP cleavage-activating protein; S1P, site-1 protease; site-2 protease.   
 
Hormone-sensitive tissues 
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 Aipocytes 
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Summary 
 
The objective of this study was to identify single nucleotide polymorphisms (SNPs) in the 
thioesterase (TE) domain of bovine fatty acid synthase (FASN) gene and evaluate the 
extent to which they were associated with beef fatty acid composition. The four exons in 
FASN that encode for TE were sequenced, and three SNPs, AF285607:g.17924A>G, 
g.18663T>C, and g.18727C>T, were identified. Purebred Angus bulls (n = 331) were 
classified into three genotype groups, AA (n = 121), AG (n = 168), and GG (n = 42), based 
on SNP g.17924A>G. The g.17924A>G genotype was significantly associated with fatty 
acid composition of longissimus dorsi (LD) muscle of purebred Angus bulls. Cattle with 
the GG genotype had lower myristic acid (C14:0; P < 0.0001) and total saturated fatty 
acids contents (SFA; P < 0.01), greater health index (HI; P < 0.001), oleic acid content 
(C18:1; P < 0.001), and total monounsaturated fatty acids concentrations (MUFA; P < 
0.01) in the total lipids and triacylglycerols (TAG) fraction than did those with the AA 
genotype. Because of the linkage disequilibrium between SNPs g.17924A>G and 
g.18663T>C, similar significant associations of fatty acid contents with the g.18663T>C 
genotypes were observed. In conclusion, the SNPs g.17924A>G and g.18663T>C may be 
used as DNA markers to select breeding stock that have a healthier fatty acid composition. 
Keywords: cattle, fatty acid composition, fatty acid synthase, polymorphism, thioesterase   
 26 
Introduction 
 
The fatty acid composition of meat is of great interest because of its implications for 
human health. High intake of saturated fatty acids (SFA) can result in elevated plasma 
cholesterol, which contributes to cardiovascular disease (Bronte-Stewart et al., 1956). Of 
the SFA, lauric acid (C12:0), myristic acid (C14:0), and palmitic acid (C16:0) are 
considered to have the most harmful cardiovascular effects (Keys et al., 1974), whereas 
stearic acid (C18:0) is believed to be neutral (Bonanome and Grundy, 1988). In contrast, 
polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA) increase 
hepatic low density lipoprotein (LDL) receptor activity, thereby decreasing the circulating 
concentration of LDL-cholesterol (Woollett et al., 1992; Rudel et al., 1995).  
The microorganisms within the rumen of cattle hydrogenate a majority of the dietary 
unsaturated fatty acids, which results in a greater concentration of SFA in beef compared 
with meat from nonruminant animals. The consumption of beef in the U.S. has decreased 
from a high of 40.4 kg per capita in 1976 to 29.5 kg per capita in 2003. One of the major 
concerns that affects beef intake is the content of SFA in beef. For many years, dieticians 
and health professionals have recommended decreasing or excluding the consumption of 
foods rich in SFA, such as beef.  
Unlike that for nonruminants, the fatty acid composition of beef is much less 
dependent on the diet. The key lipogenic enzymes in fatty acid synthesis pathways, 
therefore, play an important role in determination of the fatty acid composition of beef. 
Fatty acid synthase (FASN) is a multifunctional enzyme complex that catalyzes the 
synthesis of long-chain SFA. The thioesterase (TE) domain within the FASN complex is 
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responsible for termination of fatty acid synthesis and release of newly synthesized SFA, 
mainly C16:0, by hydrolyzing the acyl-S-phosphopantetheine thioester, which is bound to 
the preceding ACP domain. Both C14 acyl-ACP and C16 acyl-ACP are substrates for TE. 
The hydrolysis rate of C14 acyl-ACP by FASN TE, however, is much slower than that of 
C16 acyl-ACP (Lin and Smith, 1978; Pazirandeh et al., 1989). The TE domain of FASN, 
therefore, plays an essential role in the determination of the product chain length of FASN. 
We therefore hypothesized that variation in the TE domain of FASN gene among 
individuals would be a candidate for heritable differences in fatty acid composition and 
might be used to improve the healthfulness of the fatty acid composition of beef while 
maintaining other positive physical and chemical attributes of the product.  
In this study, we identified three SNPs, including two novel ones, within the 4 exons of 
the TE domain of bovine FASN gene. We then evaluated the relationship between FASN 
genotypes and fatty acid composition of longissimus dorsi (LD) muscle of purebred Angus 
bulls and observed significant associations between two SNPs and the concentrations of 
several fatty acids.   
 
Materials and Methods 
 
Animals and samples collection 
Purebred American Angus bulls (n = 331) from the Iowa State University beef breeding 
and tenderness project in 2001 (n = 49), 2002 (n = 96), 2003 (n = 102), and 2004 (n = 84) 
were used in this study. The cattle were from 49 sires and were fed the same diet. Cattle 
within contemporary groups were harvested on the same day when they were 
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approximately 13 mo old. Rib steaks were collected approximately 24 h post-harvest and 
returned to Iowa State University for processing. The marbling scores were determined by 
trained personnel. Bone, external adipose tissue, and connective tissue were removed from 
the LD muscle, and the sample was ground to homogeneity in a food processor and stored 
at -20ºC until analysis.   
 
Fatty acid analysis 
Total lipid was extracted with a chloroform and methanol (2:1, vol:vol) mixture and 
quantified (Folch et al., 1957). Lipid phosphorous content was determined by measuring 
the total phosphorus amount according to Chen et al. (1956). The content of Phospholipids 
(PL) was then determined assuming that the average molecular weight of PL is 769.  
Triacylglycerols (TAG) were separated from PL by thin-layer chromatography run in 
hexane and ethyl acetate (4:1; v:v).  The individual lipid spots were derivatized to methyl 
esters according to Lepage and Roy (1986).  Fatty acid methyl esters (FAME) were 
analyzed by a gas chromatography (GC; model 3400, Varian, Palo Alto, CA) equipped 
with a Supelco SP-2380 column (30 m × 0.25 mm i.d. × 0.20 µm film thickness) and a 
flame ionization detector. The column started at a temperature of 100°C and was ramped 
up to 170°C at a rate of 2°C per minute, followed by an increase to 180°C at 0.5°C per min 
and to 250°C at 10°C per minute. The total running time was 62 min. The temperature of 
the injector was programmed to increase from 68°C to 250°C at a rate of 250°C per min.  
The detector was maintained at 220°C. The fatty acids in the entire sample (PL plus TAG) 
were estimated on the basis of a weighted average of PL and TAG fatty acid composition.  
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In addition to fatty acid composition data, health index (HI) was calculated as the inverse 
of atherogenic index proposed by Ulbricht and Southgate (1991) as shown below:  
0:160:144 CC
PUFAMUFAHI
+×
∑+∑
=  
 
DNA polymorphisms identification 
Genomic DNA samples were isolated by proteinase K digestion followed by phenol 
extraction. The DNA samples of 46 cattle from year 2002 were randomly chosen for SNP 
identification. Primers (TE-a, TE-b, and TE-c) were designed to amplify the four exons of 
TE domain of FASN gene (Table 1). The product sizes for the 3 sets of primers, TE-a, TE-
b, and TE-c, were 697, 472, and 373 bp, respectively. The PCR reaction mixture contained 
50 ng of genomic DNA, 1.5 mM MgCl2, 400 nM of each primer, 0.2 mM of dNTP 
mixture, 2 µl DMSO, and 1 U of DNA polymerase at a final volume of 25 µl. The PCR 
reactions were performed in a DNA engine thermal cycler (Bio-Rad) with the following 
protocol: 94°C for 2 min, followed by 35 cycles of 94°C for 12 s, 56°C for 30 s, and 72°C 
for 30 s, with a final extension step at 72°C for 10 min. The DNA sequence of PCR 
amplicons were determined with ABI 3730 DNA Analyzer (Applied Biosystems Inc.) at 
the Iowa State University DNA Facility.  
 
Genotyping 
The genotypes of polymorphism G.17924A>G in FASN gene were detected by PCR-
RFLP. One set of primers named MSC (Table 1) were designed to amplify a 382-bp DNA 
fragment that contained the mutation site. Genotypes were determined by digestion of 
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PCR amplicons with Msc I. Amplified DNA with the GG genotype was digested into two 
fragments of 355 bp and 27 bp. In contrast, PCR product with the AA genotype was 
digested into three fragments of 188 bp, 167 bp, and 27 bp. The fragments were separated 
by electrophoresis through a 2% PCR grade agarose gel. The genotypes of polymorphisms 
g.18663T>C and g.18727C>T were determined by sequencing amplicons that were 
generated with TE-c primer set. The haplotypes were determined using program PHASE 
(v 2.1, Univ. of Washington, Seattle, WA).  
 
Statistical analysis 
Least squares means (± SE) were determined by using a mixed linear model (PROC 
MIXED; SAS Inst., Inc., Cary, NC) that included the fixed effect of TE genotype, age and 
marbling score as covariates, and the random effects of contemporary groups and sire. 
Means were compared by using pairwise t-tests and determined to be different at P < 0.05. 
Tukey-Kramer adjustment was carried out to adjust for multiple testing. The dominance 
and additive genetic effects at 17924 and 18663 loci are calculated according to Khatib et 
al. (2007). The following allele substitution model was used for the analysis of each 
phenotypic trait:  
iii xy εβµ ++=  
where yi is the phenotypic data of sample i, µ  is the intercept, β is the regression 
coefficient that represents half of the allele substitution effect (α/2), xi is the number of G 
and C alleles (0, 1, 2) at the 17924 and 18663 loci, respectively, of sample i, and εi is the 
residual. The regression and partial correlation analyses of phenotypic traits on the number 
of G and C alleles at the 17924 and 18663 locus, respectively, were determined by PROC 
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GLM and MANOVA/PRINTE options in PROC GLM in SAS (SAS Inst., Inc., Cary, NC). 
Correlation coefficients and coefficients of determination were determined to be 
significant at P < 0.05.  
 
Results 
 
DNA polymorphism identification and genotyping 
The TE domain is located at the 3’-end of FASN and is encoded within 4 exons (exons 39 
to 42). We compared the TE exonic sequences of 46 purebred Angus bulls. Three 
nucleotide substitutions were identified, which were AF285607:g.17924A>G, 
g.18663C>T, and g.18727C>T. Polymorphism g.17924A>G was predicted to result in an 
amino acid replacement from threonine (ACC) to alanine (GCC) in FASN protein. The 
other two SNPs, g.18663T>C and g.18727C>T, are silent mutations. Genotypes of 331 
Angus bulls at position 17924 were determined by PCR-RFLP (Fig. 1). The SNPs, 
g.18663T>C and g.18727C>T, were genotyped by sequence analysis. Approximately half 
of the bulls were heterozygous for SNPs g.17924A>G and g.18663T>C, respectively 
(Table 2a). In contrast, genotype frequency of heterozygous CT was only 3.0% for 
polymorphism g.18727C>T (Table 2a). Three 3-locus haplotypes were observed as shown 
in table 2b. The two major haplotypes were ATC and GCC with frequency 62% and 36%, 
respectively (Table 2b). The frequency of haplotype GTT was approximately 2%.   
 
Thioesterase amino acid alignment 
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The TE domain is located near the C terminus of the FASN multienzyme complex and has 
a molecular weight of approximately 32 kDa (Joshi and Smith, 1993; Smith et al., 1976). 
The amino acid sequence alignment of bovine FASN TE with some other mammalian 
species is shown in Fig. 2. The bovine sequence displayed 94.1%, 83.0%, and 79.0% 
identities to that of goat (ABB36643), human (NP_004095), and rat (P12785) sequences, 
respectively. The catalytic residues (Pazirandeh et al., 1991) were conserved across 
species. Similarly, the amino acids identified as fatty acyl substrate binding site in human 
FASN (Chakravarty et al., 2004) are invariant across species. In contrast, the residue site, 
in which polymorphism G.17924A>G was predicted to cause amino acid from threonine to 
alanine, was not conserved (Fig 2). Goat and rat, however, have the same residue, namely 
alanine, as cattle with the GG genotype.    
 
Association of SNP genotype with fatty acid composition of LD muscle 
Among the three SNPs identified, the g.17924A>G and g.18663T>C SNPs were 
significantly associated with the concentrations of several fatty acids in PL, TAG, and total 
lipids (Table 3). There was no association detected between the fatty acid composition and 
the g.18727C>T SNP (data not shown). However, the T allele frequency of g.18727C>T 
was only 1.6% (Table 2b), which precludes obtaining large number of TT homozygote 
animals. No significant association was observed between the total lipid content or 
marbling score and each SNP (data not shown).  
 The g.17924A>G SNP was significantly associated with the concentrations of several 
fatty acids in the PL fraction (Table 3). The percentages of oleic acid (C18:1), 
docosapentaenoic acid (C20:5), and total MUFA were greater (P < 0.05) in Angus cattle 
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with GG genotype than those with AA genotype. In contrast, the eicosatrienoate (C20:3) 
content was greater (P < 0.05) and the total PUFA tended to be greater (P = 0.09) in cattle 
with AA genotype than in those with GG genotype. Similar associations of genotypes with 
contents of fatty acids were observed for the polymorphism g.18663T>C (Table 3). In 
addition, the cattle with genotype CC had lower PUFA concentrations than did the cattle 
with genotype TT in the PL fraction (P < 0.05).  
Significant association between the g.17924A>G SNP and fatty acid composition of 
TAG was observed (Table 3). The concentration of C14:0 was 15.6% (P < 0.0001) and 
10.4% (P < 0.001) lower in the cattle with genotype GG than in those with AA or AG, 
respectively. In addition, cattle with genotype AG had a lower percentage of C14:0 than 
did cattle with the genotype AA (P < 0.01). The percentages of pentadecanoic acid 
(C15:0), C16:0, and total SFA were greater, whereas the content of total MUFA was lower 
in cattle with genotype AA than in those with genotype GG (P < 0.05). The ratio of C16:0 
to C14:0, however, was greater in the cattle with genotype GG than in those of the other 
two genotypes (P < 0.0001). The C18:1 content in the cattle with GG genotype was greater 
than in those of the AA genotype (P < 0.0001) and AG genotype cattle (P < 0.05). 
Moreover, the AG genotype cattle had greater C18:1 content than did cattle with AA 
genotype (P < 0.01). Consequently, cattle with genotype GG had the greatest HI, whereas 
cattle with genotype AA had the lowest HI (P < 0.05). The contents of fewer fatty acids 
were significantly associated with SNP g.18663T>C compared with SNP g.17924A>G 
(Table 3). Cattle with genotype CC had greater HI, C18:1, MUFA, and C16:0 to C14:0 
ratio and lower contents of C14:0 and SFA than did cattle with genotype TT (P < 0.05).  
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The effects of g.17924A>G genotype on fatty acid composition of total lipids were 
similar to those observed in the TAG fraction (Table 3). The C14:0, C16:0, and total SFA 
contents were lower, whereas the C16:0 to C14:0 ratio and C18:1 and total MUFA 
concentrations were greater in the genotype GG cattle than in the cattle with genotype AA 
(P < 0.05). Consequently, the cattle with genotype GG had greater HI than did the cattle 
with genotype AA (P < 0.001). Similarly, the g.18663T>C genotype was significant 
associated with the contents of several fatty acids in total lipids including C14:0, C16:0, 
and C18:1 (P < 0.05). In addition, the heterozygotes, but not cattle with CC genotype, had 
lower C16:0 and total SFA than did cattle with TT genotype, which may be attributed to 
the difference in sample size.  
 
Contribution of TE genotype to fatty acid composition of LD muscle 
The allele effect at locus 19924 was additive for each trait listed in Table 4. Similarly, 
significant additive effects were observed for all of the traits, except C15:0 percentage in 
TAG, at locus 18663 (Table 5). Dominance effects were not significant for all of the traits, 
except C16:0 to C14:0 ratio in TAG, for both g.17924A>G and g.18663T>C SNPs (Table 
4 & 5). Direction of allele substitution effect and additive effect were the same for each 
trait (Table 4 & 5). Correlation and regression analyses of fatty acid contents on the 
number of G alleles for the SNP g.17924A>G (Table 4) and on the number of C alleles for 
the SNP g.18663T>C (Table 5) were carried out to further assess the association of 
genotype to fatty acid composition. The number of G alleles at position 17924 was 
correlated positively to C18:1 and MUFA contents and negatively to C20:3 and PUFA 
percentages in the PL (Table 4). The variations of C18:1 and C20:3 explained by the 
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allele, however, were small (R2 = 0.03 and 0.01, respectively). Similar results were 
obtained for SNP g.18663T>C (Table 5).  
Table 4 also shows the correlation coefficients between number of G alleles at 17924 
locus and individual fatty acid in TAG. The number of G alleles was correlated negatively 
to C14:0 , C15:0, C16:0, and SFA and positively to C18:1, MUFA, C16:0 to C14:0 ratio, 
and HI. In addition, genotype of g.17924A>G SNP explained approximately 7.8%, 8.3%, 
5.3 %, and 7.2% of the total variations of C14:0, C18:1, MUFA, and HI, respectively 
(Table 4). The correlations of these traits with the number of C alleles at position 18663 
(Table 5) were smaller and less significant than those with the number of G allele at 
position 17924 (Table 4). In addition, the number of C alleles at 18663 locus was 
correlated negatively with PUFA content in TAG (R = -0.13, P < 0.05).  
The correlations between the number of alleles and the percentages of individual fatty 
acids in total lipid were similar to those observed in TAG (Table 4 & 5). Negative 
correlations were observed between the number of G alleles of SNP g.17924A>G and 
several individual SFA, including C14:0, C15:0, and C16:0 (Table 4). Consequently, the 
total SFA was correlated negatively with the number of G alleles. In contrast, positive 
correlations were obtained between the number of G alleles and C18:1, total MUFA, 
C16:0 to C14:0 ratio, and HI, respectively. Approximately 6.3%, 3.8%, and 5.6% of the 
total variances of C14:0, C18:1, and HI were explained by the number of G alleles. 
Similarly, the number of C alleles of SNP g.18663T>C was correlated negatively with 
C14:0 and total SFA and positively correlated with C18:1 and total MUFA (Table 5). The 
correlations of these traits with the number of C alleles at position 18663 were smaller 
than those with the number of G alleles at position 17924 (Table 4 & 5).  
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Discussion 
  
In the current study, two novel SNPs, g.18663T>C and g.18727C>T, were discovered in 
the TE domain of FASN gene. We have also independently identified the SNP 
g.17924A>G; however, Morris et al. (2007) reported the same polymorphism. Morris et al. 
(2007) identified a quantitative trait locus (QTL) on bovine chromosome 19 that affects 
the content of C14:0 in subcutaneous adipose tissue of beef cattle and identified FASN as a 
possible positional candidate gene for the QTL. Five SNPs in FASN were detected and the 
haplotypes were shown to be associated with the percentage of C14:0 in subcutaneous 
adipose tissue and milk fat (Morris et al., 2007). In the current study, we focused on the TE 
domain of FASN and found that the SNPs g.17924A>G and g.18663T>C were 
significantly associated with the SFA and MUFA contents in TAG, as well as with the 
MUFA and PUFA contents in PL. Because TE domain is responsible for the determination 
of the length of FASN products, which are potential substrates for elongases and 
desaturase, TE therefore could contribute to not only the contents of C14:0 and C16:0 but 
also the concentrations of other fatty acids as discussed in detail later. Recently, Roy et al. 
(2006) identified polymorphisms on bovine FASN gene that could contribute to variation 
in milk fat content. In the current study, however, the SNPs in TE domain FASN were not 
significantly associated with the total lipid content or marbling score in the LD muscle.  
The product of Mammalian FASN is mainly C16:0, with minor amounts of C14:0. 
Structure of human FASN TE revealed the presence of a hydrophobic groove that 
constitutes the fatty acyl substrate binding site (Chakravarty et al., 2004). Therefore, the 
high specific activity of TE toward C16-acyl ACP, but not C14-acyl ACP, is attributed to 
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the geometry and nature of the substrate binding site. The amino acid sequence alignment 
of cattle and human showed that the amino acid replacement found in the current study 
occurred at a position that is located a few amino acids C-terminal to a candidate substrate 
binding site (Fig 2). It is possible that the amino acid substitution in TE domain predicted 
by the SNP g.17924A>G may influence the structure of substrate binding site and 
consequently affect the specific activity of TE toward C14-acyl ACP. This hypothesized 
decrease of hydrolysis activity of TE on C14-acyl ACP, which was caused by the 
replacement of threonine to alanine, might further result in less C14:0 content and greater 
C16:0 to C14:0 ratio in GG (alanine) than AA (threonine) genotype bulls. The SNP 
g.18663T>C is a silent mutation. The significant association of g.18663T>C with several 
fatty acid contents could be attributed to the strong linkage disequilibrium between 
g.18663T>C and g.17924A>G.  
The elongation of fatty acids occurs on both the mitochondrial and microsomal 
membranes, but the predominant site of elongation is the membrane of the endoplasmic 
reticulum (ER). Generally, the mitochondrial elongation system targets fatty acyl-CoA 
substrates in the range of C10-C14, whereas microsomal elongases act on C16 and longer 
chain fatty acids (Harwood, 1994). The observed lower C16:0 content in TAG and total 
lipid of genotype GG cattle compared with genotype AA cattle classified according to the 
SNP g.17924A>G could be attributed to the fact that C16:0 is the substrate for both 
elongase and stearoyl-CoA desaturase (SCD). Greater 18:1 content in genotype GG cattle 
than in AA cattle was observed in PL, TAG, and total lipids. This observation could be 
explained if more C16:0 and less C14:0 were produced by FASN of GG genotype cattle as 
compared with AA cattle, and, consequently, more C16:0 was elongated to C18:0 that was 
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further converted to C18:1 (n9), a major end product of de novo fatty acid synthesis. It is 
also possible that more C16:0 was converted to C16:1 by SCD, which consequently 
resulted in more cis-vaccenic acid (C18:1 n7) by elongation. Because the GC column used 
could not separate the isomers of C18:1, the percentage of C18:1 obtained in the current 
study should be the sum of several C18:1 isomers. Consequently, greater C18:1 was 
observed when the percentage of 18:1 (n7) increased. Interestingly, greater content of 
C20:3 was found in PL of genotype AA cattle compared with GG bulls and the PUFA 
content tended to be greater (P = 0.09) in the cattle with genotype AA than in the cattle 
with genotype GG. Furthermore, the cattle with TT genotype classified according to the 
SNP G.18663T>C had greater content of PUFA than did the cattle with CC genotype (P < 
0.05). Phospholipids are the major component of plasma membrane. The degree of 
unsaturation of fatty acyl chain of PL plays an important role in determining physical 
properties of cell membrane (Hise et al., 1986). The association of increased MUFA 
content with decreased PUFA concentration observed in the current study was expected so 
that the similar degree of unsaturation of PL could be kept.  
Stearyol-CoA desaturase catalyzes the conversion of SFA to MUFA. Studies have 
shown that the differences in MUFA percentage were correlated with SCD activity in 
cattle (Sturdivant et al., 1992; Yang et al, 1999; Laborde et al., 2001). Taniguchi et al. 
(2004) identified a coding SNP in SCD gene and classified 1003 Japanese Black cattle to 
three genotypes, VV, VA, and AA. The analysis showed that the AA genotype cattle had 
1.7% greater MUFA content in adipose tissue than did the VV genotype cattle. Keating et 
al. (2005) isolated and characterized the SCD promoter of dairy cows but did not find any 
SNPs among cows producing high and low content of conjugated linoleic acid (CLA) in 
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milk. In the current study, we observed significant association of SNPs in TE domain of 
FASN with fatty acid composition of LD muscle of Angus bulls (Tables 3-5). Moreover, 
the MUFA contents of PL, TAG, and total lipids in cattle with genotype GG classified 
according to SNP g.17924A>G was 7.2%, 3.0%, and 3.4%, respectively, greater than 
those of the genotype AA cattle (P < 0.05). These differences could be attributed to the 
differences in C18:1 percentage, which is the major component of MUFA. Our results 
indicate that not only SCD, but also FASN TE genotypes contribute to the variation of 
MUFA content.  
In summary, results of the current study indicated that genotyping of FASN TE gene 
might be a useful tool to select Angus cattle with less atherogenic SFA and more MUFA 
and therefore to improve the healthfulness of fatty acid composition in beef.  
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Table 1. Primer sequences. 
Sequence  
Primer 
Name 
Forward Reverse 
TE-a AGAGCTGACGGACTCCACAC CTGCATGAAGAAGCACATGG 
TE-b CTCGCACACCTTCGTGATG CACGTTGCCGTGGTAGGTAG 
TE-c CGCTCACTGTCCTGTCCTAC GCTGTGAATAATACTAAGGATGGA 
MSC AGAGCTGACGGACTCCACAC GCCGATGCACTCGATGTAG 
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Table 2a. Polymorphisms in thioesterase (TE) domain of fatty acid synthase (FASN) and genotype frequency.   
g.17924A>G  g.18663T>C  g.18727C>T 
Variable 
AA AG GG  TT CT CC  CC CT TT 
Number of animals  121 168 42  130 162 39  320 10 1 
Genotype frequency 0.36 0.51 0.13  0.39 0.49 0.12  0.97 0.03 0.003 
 
Table 2b. Haplotype distribution of polymorphisms in TE domain of FASN.  
SNP 
Haplotype 
g.17924A>G g.18663T>C g.18727C>T 
Frequency 
1 A T C 0.62 
2 G C C 0.36 
3 G T T 0.02 
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Table 3. Effects of g.17924A>G and g.18663T>C SNPs on phospholipids (PL), triacylglycerols (TAG), and total lipid 
fatty acid composition1 (cont. on next page) 
g.17924A>G  g.18663T>C Traits 
AA 
(n = 121) 
AG 
(n = 168) 
GG 
(n = 42) 
 TT 
(n = 130) 
TC 
(n = 162) 
CC 
(n = 39) 
PL        
18:1  23.40±0.90b 24.01±0.89a,b 25.07±1.00a  23.46±0.90B 24.00±0.88A,B 25.16±1.01A 
20:3 (n-6) 1.94±0.06a 1.89±0.06a,b 1.75±0.08b  1.93±0.06A 1.90±0.06A 1.74±0.08B 
22:5 (n-3) 2.44±0.10b 2.49±0.10a,b 2.61±0.11a  2.44±0.10 2.50±0.10 2.59±0.11 
MUFA2 25.16±0.95b 25.83±0.93a,b 26.98±1.05a  25.23±0.94B 25.82±0.93A,B 27.09±1.06A 
PUFA3 45.22±0.86 44.89±0.83 43.51±1.02  45.23±0.85A 44.91±0.82A,B 43.26±1.02B 
TAG        
14:0 3.46±0.09a 3.26±0.09b 2.92±0.11c  3.41±0.09A 3.27±0.09A 2.93±0.12B 
15:0 0.41±0.03a 0.38±0.03a,b 0.32±0.04b  0.40±0.03 0.39±0.03 0.34±0.04 
16:0 28.54±0.22a 28.09±0.20a,b 27.65±0.30b  28.41±0.22 28.13±0.21 27.72±0.32 
18:1 44.76±0.29c 45.63±0.27b 46.59±0.40a  44.94±0.29C 45.58±0.28B 46.53±0.42A 
SFA4 46.36±0.40a 45.75±0.38b 45.11±0.49b  46.19±0.40A 45.81±0.39A,B 45.21±0.50B 
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g.17924A>G  g.18663T>C Traits 
AA 
(n = 121) 
AG 
(n = 168) 
GG 
(n = 42) 
 AA 
(n = 121) 
AG 
(n = 168) 
GG 
(n = 42) 
TAG        
MUFA 49.99±0.31b 50.70±0.29a 51.50±0.41a  50.15±0.31B 50.65±0.29A,B 51.42±0.41A 
16:0/14:05 8.45±1.02b 8.76±0.85b 14.35±1.73a  8.55±1.02B 8.71±0.85B 14.74±1.73A 
HI6 1.25±0.02c 1.30±0.02b 1.38±0.03a  1.26±0.02B 1.30±0.02B 1.37±0.03A 
Total lipids        
14:0 2.85±0.06a 2.68±0.05b 2.45±0.08c  2.81±0.06A 2.69±0.05A 2.48±0.08B 
16:0 26.48±0.24a 25.91±0.23b 25.67±0.31b  26.35±0.24A 25.93±0.23B 25.80±0.32A,B 
18:1 40.38±0.36b 40.98±0.33b 42.27±0.48a  40.54±0.36B 40.90±0.33B 42.23±0.48A 
SFA 43.82±0.21a 43.04±0.18b 42.82±0.34b  43.68±0.21A 43.05±0.18B 42.99±0.34A,B 
MUFA 44.96±0.49b 45.39±0.47a,b 46.49±0.60a  45.10±0.49B 45.32±0.47B 46.53±0.60A 
16:0/14:0 9.52±0.26b 9.87±0.22b 11.38±0.41a  9.62±0.25B 9.84±0.23B 11.38±0.43A 
HI 1.50±0.02b 1.57±0.02a 1.63±0.03a  1.51±0.02B 1.57±0.02A 1.61±0.03A 
1Values are expressed as LSM±SE. Fatty acid contents are expressed as g / 100 g of total fatty acids.  
2Total monounsaturated fatty acids (MUFA). 
3Total polyunsaturated fatty acids (PUFA). 
4Total saturated fatty acids (SFA). 
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5
 Calculated as the ratio of 16:0 to 14:0. 
6Health index, calculated as (ΣMUFA + ΣPUFA)/(4×14:0 + 16:0). 
a, b, c,Values in the same row for SNP G.17924A>G with different subscripts differ at P<0.05.  
A,B,CValues in the same row for SNP G.18663T>C with different subscripts differ at P<0.05.  
 49 
   
 
Table 4. Estimate (±SE) of additive and dominance effects associated with SNP 
g.17924A>G, estimate (±SE) of the half allele substitution effect (allele G), and 
coefficient of determination (R2) and correlation coefficient (r) from regression and 
correlation analyses of traits on the number of G alleles for SNP g.17924A>G 
Trait Additive effect  Dominance 
effect  
α/21 R2 r 
PL2      
18:1 0.84±0.32** -0.22±0.40  0.98±0.34** 0.03** 0.17** 
20:3 n-6 -0.09±0.04** 0.04±0.04 -0.07±0.03* 0.01* -0.14* 
22:5 n-3 0.08±0.03* -0.03±0.04 0.05±0.04 0.01 0.08 
MUFA3 0.91±0.34** -0.24±0.43 1.06±0.36** 0.03** 0.17** 
PUFA4 -0.85±0.41* 0.53±0.52 -1.03±0.40* 0.02* -0.14* 
TAG5      
14:0 -0.27±0.05**** 0.07±0.06 -0.25±0.05**** 0.08**** -0.27**** 
15:0 -0.04±0.02** 0.02±0.02 -0.05±0.02** 0.03** -0.17** 
16:0 -0.45±0.16** -0.01±0.19 -0.49±0.14*** 0.04*** -0.17** 
18:1 0.92±0.20**** -0.05±0.25 1.03±0.19**** 0.08**** 0.27**** 
SFA6 -0.62±0.20** 0.02±0.26 -0.70±0.20*** 0.03*** -0.16** 
MUFA 0.75±0.20*** -0.05±0.25 0.86±0.20**** 0.05**** 0.21**** 
16:0/14:07 2.95±1.00** -2.65±1.32* 2.10±0.90* 0.02* 0.13* 
HI8 0.07±0.01**** -0.01±0.02 0.06±0.01* 0.07**** 0.25**** 
Total Lipid      
14:0 -0.20±0.04**** 0.02±0.05 -0.19±0.04**** 0.06**** -0.24**** 
16:0 -0.41±0.14** -0.17±0.17 -0.45±0.14** 0.03** -0.16** 
18:1 0.90±0.24*** -0.29±0.30 0.95±0.27*** 0.04*** 0.18** 
SFA -0.50±0.20* -0.28±0.25 -0.61±0.18*** 0.04*** -0.17** 
MUFA 0.77±0.25** -0.33±0.32 0.82±0.31** 0.02** 0.13* 
16:0/14:0 0.93±0.23**** 0.01±0.02 0.73±0.21*** 0.04*** 0.19*** 
HI 0.07±0.01**** -0.58±0.30 0.07±0.02**** 0.06**** 0.22**** 
1Half of the allele substitution effect.  
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2Phospholipids (PL). 
3Total monounsaturated fatty acids (MUFA). 
4Total polyunsaturated fatty acids (PUFA). 
5Triacylglycerols (TAG). 
6Total saturated fatty acids (SFA). 
7Calculated as the ratio of 16:0 to 14:0. 
8Health index, calculated as (ΣMUFA + ΣPUFA)/(4×14:0 + 16:0). 
* P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.  
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Table 5. Estimate (±SE) of additive and dominance effects associated with SNP 
g.18663T>C, estimate (±SE) of the half allele substitution effect (allele C), and 
coefficient of determination (R2) and correlation coefficient (r) from regression and 
correlation analyses of traits on the number of C alleles for SNP g.18663T>C 
 
Trait Additive 
effect  
Dominance 
effect  
α/21 R2 r 
PL2      
18:1 0.85±0.32** -0.31±0.41 1.03±0.34** 0.03** 0.18** 
20:3 n-6 -0.10±0.03** 0.06±0.04 -0.07±0.03* 0.01* -0.13* 
22:5 n-3 0.08±0.04* -0.02±0.04 0.06±0.04 0.01 0.09 
MUFA3 0.93±0.35** -0.34±0.44 1.12±0.36** 0.03** 0.18** 
PUFA4 -0.98±0.41* 0.67±0.52 -1.17±0.40** 0.03** -0.16** 
TAG5      
14:0 -0.24±0.05**** 0.10±0.06 -0.20±0.05**** 0.05**** -0.21*** 
15:0 -0.03±0.02 0.02±0.02 -0.03±0.02* 0.01* -0.11* 
16:0 -0.35±0.16* -0.07±0.20 -0.33±0.14* 0.02* -0.11* 
18:1 0.80±0.21*** -0.15±0.26 0.85±0.19**** 0.06**** 0.22**** 
SFA6 -0.49±0.21* 0.11±0.26 -0.53±0.21* 0.02* -0.11* 
MUFA 0.64±0.21** -0.13±0.26 0.72±0.20*** 0.04*** 0.18*** 
16:0/14:07 3.09±1.03** -2.93±1.34* 2.04±0.90* 0.02* 0.13* 
HI8 0.06±0.01**** -0.02±0.02 0.05±0.01*** 0.04*** 0.19*** 
Total Lipid      
14:0 -0.17±0.05*** 0.04±0.06 -0.14±0.04*** 0.04*** -0.18*** 
16:0 -0.28±0.14 -0.14±0.18 -0.30±0.14* 0.01* -0.10 
18:1 0.85±0.24*** -0.48±0.31 0.83±0.27** 0.03** 0.15** 
SFA -0.34±0.20 -0.28±0.26 -0.46±0.18* 0.02* -0.12* 
MUFA 0.72±0.26** -0.50±0.12 0.73±0.31* 0.02* 0.11* 
16:0/14:0 0.88±0.24*** -0.66±0.31 0.62±0.21** 0.03** 0.16** 
HI 0.05±0.02** 0.008±0.02 0.05±0.02** 0.03** 0.16** 
52 
 
 
1Half of the allele substitution effect.  
2Phospholipids (PL). 
3Total monounsaturated fatty acids (MUFA). 
4Total polyunsaturated fatty acids (PUFA). 
5Triacylglycerols (TAG). 
6Total saturated fatty acids (SFA). 
7Calculated as the ratio of 16:0 to 14:0. 
8Health index, calculated as (ΣMUFA + ΣPUFA)/(4×14:0 + 16:0). 
* P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.  
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Fig. 1. Genotyping polymorphism g.17924A>G. Digestion with restriction enzyme Msc I 
revealed the genotypes AA, AG, and GG. The arrows show the size of DNA fragments. 
355 bp 
188 bp 
167 bp 
Genotypes 
AA AG AG GG AA GG 
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Fig. 2. Amino acid sequence alignment of FASN TE domain of several mammalian 
species. The alignment was carried out by using BLAST (www.ncbi.nlm.nih.gov/blast). 
The amino acid replacement from threonine to alanine in cattle is shown in bold and 
underlined. The catalytic residues are bold. The fatty acyl substrate binding sites 
identified in human FASN TE are underlined. 
Cattle     FGSPAQSHTQLNLSTLLVNPEGPTLTRLNSVQSSERPLFLVHPIEGSTTVFHSLATKLSI  2268 
Goat       LS.....Q.....................W................F........A....   
Human      EDGL..QQ.....RS..........M.............................SR...   
Rats       -NFTSLKQA.....I................................I.......A...V   
 
 
Cattle     PTYGLQCTGAAPLDSIQSLATYYIECIRQVQPEGNYRIAGYSYGACVAFEMCSQLQAQQN  2328 
Goat       ........R...........A.............P.....X..................S   
Human      ........R.......H...A...D.........P..V.....................S   
Rats       ........Q.......PN..A...D..K......P..V....F................G   
 
Cattle     AGPTNNSLFLFDGSHTFVMAYTQSYRAKLNPGCEAEAEAEAMCFFMQQFTEAEHSRVLEA  2388 
Goat       ............................M.................R..M..........   
Human      PA..H.........P.Y.L..........T........T..I...V....DM..N.....   
Rats       PA.AH.N.........Y.L..........T...........I...IK..VD....K....   
 
Cattle     LLPLGDLEARVAATVELIVQSHAGLDRHALSFAARSFYHKLRAAEEYTPRATYHGNVTLL  2448 
Goat       ....................R........................Q..............   
Human      ....KG..E....A.D..IK..Q....QE.........Y......Q...K.K.....M..   
Rats       ....KS..D....A.D..TR..QS...RD.....V...Y.....DQ.K.K.K.....I..   
 
Cattle     RAKMGSAYQEGLGADYNLSQVCDGKVSVHIIEGDHRTLLEGSGLESILSIIHSSLAEPRV  2508 
Goat       .....G..G...................................................   
Human      ...T.G..G.D..................V.................I............   
Rats       ...T.GT.G.D..............................R.....IN...........   
 
Cattle     SVREG  2513 
Goat       .....   
Human      .....   
Rats       .....   
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Summary 
 
The objective of this study was to identify single nucleotide polymorphisms (SNPs) in 
the promoter I (PI) region of bovine acetyl-CoA carboxylase-α (ACC- α) gene and 
evaluate the extent to which they were associated with lipid content and fatty acid 
composition of beef. Eight novel single nucleotide polymorphisms (SNPs) were 
identified. Complete linkage disequilibrium was observed among 6 of the 8 SNPs. 
Phenotypic data were collected from 573 cross-bred steers. The association of genotypes 
determined by each SNP with lipid content and fatty acid composition was investigated. 
A mixed model was used for the statistical analysis that included genotype, sire line, and 
dam line as fixed effects and contemporary groups as random effect. The genotype of 
SNP g.2350T>C was significantly associated with the lipid content of beef (P < 0.05). No 
significant association, however, was detected between the genotype of any SNPs with 
fatty acid composition.  
Keywords: Acetyl-CoA carboxylase, cattle, fatty acid composition, polymorphism, lipid 
content 
 
Introduction 
 
Acetyl-CoA carboxylase-α (ACC- α) catalyzes the conversion of acetyl-CoA to malonyl-
CoA, which is an intermediary substrate necessary for de novo synthesis of fatty acids 
catalyzed by fatty acid synthase (FASN). Acetyl-CoA carboxylase-α is highly expressed 
in lipogenic tissues, such as adipose tissues, lactating mammary gland, and liver (Ponce-
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Castaneda et al. 1991; Abu-Elheiga et al. 1995). As a rate-limiting enzyme, ACC- α  is 
regulated by short-term regulation of enzyme activity (Wakil et al. 1983; Ha et al. 1994) 
or long-term regulation of the level of gene expression (Girard et al. 1994; Kim & Tae 
1994).  
Transcription of bovine ACC- α can be initiated from 3 different promoters, promoter 
I (PI), II (PII), and III (PIII), which results in heterogeneous composition of the 5’ 
untranslated region (Mao et al. 2001). Promoter I initiated transcripts are abundant in 
adipose tissues and mammary gland of cows, but the abundance does not increase during 
lactation (Mao et al. 2001). In contrast, the concentration of PIII initiated transcripts in 
mammary gland of cows and sheep increases dramatically during lactation (Barber & 
Travers 1998; Mao et al. 2002). Unlike the other 2 promoters, PII is evolutionarily 
conserved and is considered as a housekeeping promoter that is expressed constitutively 
(Luo & Kim 1990; Mao & Seyfert 2002). The transcripts of bovine PII only account for a 
small proportion of total ACC- α mRNA content in adipose tissue (Mao & Seyfert 2002). 
Because of the specific role of PI in adipose tissue, we hypothesized that the variations in 
the PI region of ACC- α gene among individuals would be a candidate for heritable 
differences in beef lipid content and fatty acid composition.  
In this study, we identified 8 SNPs in ACC- α PI in cross-bred cattle. The associations 
of genotype of individual SNPs with phenotypic data, including beef fatty acid 
composition and lipid content, were then investigated. One SNP was found to be 
significantly associated with the beef lipid content.  
 
Materials and Methods 
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Animals and samples collection 
Steer progeny resulting from artificial insemination mating of Angus and MARC III (a 
composite population of 1/4 each Angus, Hereford, Red Poll, and Pinzgauer breeding) 
females with Hereford, Angus, Brangus, Beefmaster, Bonsmara, and Romosinuano males 
were used in the current study (Wheeler et al., 2008). Data were obtained from 574 steers 
produced in 2002 (n = 249) and 2003 (n = 324) in cycle VIII of the Germplasm 
Evaluation Program at the U.S. Meat Animal Research Center (USMARC). The male 
calves were castrated within 24 hours. All steers were fed the same diet and slaughtered 
when they were approximately 1 year old in a commercial facility. The wholesale rib was 
stored at 4°C and transferred to the meat laboratory at USMARC approximately 36 hours 
after slaughter. The rib was then separated into lean, fat trim, and bone. A lean rib steak 
was sent to Iowa State University and stored at -20°C for further analysis.  
 
Fatty Acid Analysis 
Total lipids were extracted from the LM samples by using chloroform and methanol 
(2:1, vol:vol) mixture and quantified (Folch et al. 1957). The organic solvent was 
evaporated with a stream of nitrogen gas, and the lipid was quantified gravimetrically. 
Phospholipids and TAG were separated from approximately 5 mg of total lipids by using 
thin-layer chromatography with hexane:ethylacetate (80:20; v:v) as the solvent system. 
Lipid phosphorus was analyzed by wet ashing the total lipid extract followed by the 
addition of molybdate salt and ascorbic acid (Chen et al. 1957). The content of PL were 
then determined assuming that the average molecular weight of PL is 769.  The TAG 
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contents were calculated by subtracting the PL concentrations from the total lipid 
contents. The PL and TAG were esterified with methanol by two step methylation using 
sodium methoxide and acetyl chloride (Kramer et al. 1998). Fatty acid methyl esters 
(FAME) were quantified by a gas chromatograph (model 3400, Varian, Palo Alto, CA) 
equipped with a SP-2560 fused silica capillary column (100 m × 0.25mm i.d. × 0.2µm 
film thickness) (Supelco Inc., Bellefonte, PA) and a flame ionization detector. A 
temperature-programmed procedure was used as described previously (Kramer et al. 
1998). The temperature of the injector was programmed to increase from a beginning 
temperature of 68°C to a final temperature of 250°C at a rate of 250°C/min.  The detector 
was maintained at 220°C. Peaks of FAME were identified by comparing the retention 
time with the commercially available FAME standards (Nu-Chek-Prep, Inc., Elysian, 
MN). The fatty acid compositions were calculated using the peak areas and expressed on 
a weight percentage basis.  
 
Polymorphism identification and Genotyping 
Genomic DNA samples were isolated by proteinase K digestion followed by phenol 
extraction. The genotypes of SNPs in promoter I of ACC- α were identified and then 
genotyped by sequencing amplicons that were generated by PCR. The primer sequences 
for the PCR reaction were as follows:  
Forward primer: AGACAGTAAGGCAGGAACAGG;  
Reverse primer: CTTGCATGACACCTCCAGTAT.  
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The DNA sequence of PCR amplicons were determined with ABI 3730 DNA Analyzer 
(Applied Biosystems Inc.) at the Iowa State University DNA Facility.  
 
Statistical analysis 
Least squares means (± SE) were determined by using a mixed linear model (PROC 
MIXED; SAS Inst., Inc., Cary, NC) that included the fixed effects of genotype, sire line, 
and dam line and the random effects of contemporary groups. Means were compared by 
using pairwise t-tests and determined to be different at P < 0.05 under the condition that 
the effect of genotype was significant (P < 0.05) from ANOVA. The regression and 
correlation analyses of phenotypic traits on the number of T allele at the 2350 locus were 
determined by PROC GLM and MANOVA/PRINTE option in PROC GLM in SAS 
(SAS Inst., Inc., Cary, NC). Half of the allele substitution effect (α/2) was estimated as 
the regression coefficient. Partial correlation coefficients and coefficients of 
determination were determined to be significant at P < 0.05.  
 
Results and discussion 
 
Eight novel SNPs were identified in the promoter I region of ACC- α. The 8 SNPs are 
AJ276223:g.2064T>A (SNP1), g.2155C>T (SNP2), g.1338G>T (SNP3), g.2268T>C 
(SNP4), g.2274G>A (SNP5), g.2340A>G (SNP6), g.2350T>C (SNP7), and g.2370A>G 
(SNP8). These SNPs are located close to several transcriptional factor binding sites as 
shown in figure 1 (Mao et al. 2001). No mutations, however, were detected in the 
transcriptional factor binding sites. Complete linkage disequilibrium was observed among 
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SNPs 1, 2, 4, 5, 6, and 8. Two 6-locus haplotypes, therefore, were defined by these 6 
SNPs, which were TCTGAA with frequency 0.64 and ATCAGG with frequency 0.36. 
Similarly, strong linkage disequilibrium was observed among SNPs 1, 2, 4, 5, 6, 7, and 8, 
and three 7-locus haplotypes were determined, which were TCTGATA with frequency 
0.40, TCTGACA with frequency 0.23, and ATCAGCG with frequency 0.37. Because of 
the association of SNP1 with SNP2, 4, 5, 6, and 8, we will only state the results of SNP1, 
SNP3, and SNP7 later, which includes genotype and allele frequencies and association of 
genotype with phenotypic data.  
The genotype frequencies of SNP1, SNP3, and SNP7 in 573 cattle are shown in Table 
1. Approximately half of the steers were heterozygous for SNP1 and SNP7, respectively. 
The allele T for SNP3, however, was rare in these cattle, and the frequencies of genotype 
TT and TC were 0.04 and 0.16, respectively.  
Table 2 shows the allele frequencies of SNP1, SNP3, and SNP7 in cattle with sires 
from different breeds. The frequencies of A allele for SNP1 ranged from 45% to 77%, 
and the frequencies of C allele for SNP7 ranged from 44% to 70% in the offspring of 
bulls from the 6 different breeds. The allele T for SNP3 was very rare in the offspring of 
Hereford, Augus, and Beefmaster bulls. In contrast, the frequency of T allele was 
approximately 42% in the cattle with Bonsmara sires. Bonsmara, an adapted breed from 
South Africa, has been strictly bred and selected, which may result in dramatic 
differences in the frequency of certain alleles. Moioli et al.  (Moioli et al. 2005) identified 
3 SNPs in the PIII region of ovine ACC- α and found that the allele frequencies differ 
among breeds.  
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The associations of genotypes of SNP1, SNP3, and SNP7, respectively, with the beef 
fatty acid composition and lipid content were then investigated. No significant 
associations were detected between any SNP genotypes and the concentrations of major 
fatty acids in triacylglycerols (TAG), phospholipids (PL), and total lipid of beef (data not 
shown).  The lipid content of beef, however, was significantly associated with the 
genotype of SNP7 (Table 3). Cattle with genotype TT and CT had greater lipid content 
than did cattle with genotype CC (P < 0.05). A negative correlation was observed 
between the number of C alleles at SNP7 and the total lipid content of beef (Table 3). 
Approximately 1% of the variation of lipid content was explained by the number of C 
alleles (r2 = 0.01; P < 0.05).  
Promoter PI from both cattle and rat are normally repressed by distal sequence 
elements (Tae et al. 1994; Mao et al. 2001). The activity of PI is induced when 
lipogenesis is stimulated in liver and adipose tissue (Lopez-Casillas & Kim 1989). 
Glucose and insulin activate PI, but have little or no effect on the induction of PII 
transcripts in rat hepatocytes (O'Callaghan et al. 2001). The binding of 
CCAAT/enhancer-binding protein α (C/EBP-α) to promoter PI increases the expression 
of PI (Tae et al. 1994). Yin and Yang 1 (YY1) is a multifunctional transcription factor 
that activates, represses, or initiates transcription of many genes (Galvin & Shi 1997). 
Polymorphism SNP7 is located between the binding sites of Yin and Yang 1 (YY1) and 
C/EBP-α and does not disrupt any transcriptional factor binding site. The effect of SNP7 
on beef lipid content may be attributed to its linkage disequilibrium with a causal locus 
that is unknown. Further investigations are needed to identify the causal SNP.  
 
 63 
  
 
References 
 
Abu-Elheiga L., Jayakumar A., Baldini A., Chirala S.S. & Wakil S.J. (1995) Human 
acetyl-CoA carboxylase: characterization, molecular cloning, and evidence for 
two isoforms. Proceeding of the National Academy of Sciences U S A 92, 4011-
4015. 
Barber M.C. & Travers M.T. (1998) Elucidation of a promoter activity that directs the 
expression of acetyl-CoA carboxylase alpha with an alternative N-terminus in a 
tissue-restricted fashion. Biochemistry Journal 333 ( Pt 1), 17-25. 
Chen P., Toribara T.Y. & Warner H. (1957) Microdetermination phosphorus. Analytical 
Chemistry 28, 1756-1758. 
Folch J., Lees M. & Sloane Stanley G.H. (1957) A simple method for the isolation and 
purification of total lipides from animal tissues. Journal of Biological Chemistry 
226, 497-509. 
Galvin K.M. & Shi Y. (1997) Multiple mechanisms of transcriptional repression by YY1. 
Molecular and Cellular Biology 17, 3723-3732. 
Girard J., Perdereau D., Foufelle F., Prip-Buus C. & Ferre P. (1994) Regulation of 
lipogenic enzyme gene expression by nutrients and hormones. FASEB Journal 8, 
36-42. 
Ha J., Daniel S., Broyles S.S. & Kim K.H. (1994) Critical phosphorylation sites for 
acetyl-CoA carboxylase activity. Journal of Biological Chemistry 269, 22162-
22168. 
 64 
  
 
Kim K.H. & Tae H.J. (1994) Pattern and regulation of acetyl-CoA carboxylase gene 
expression. Journal of Nutrition 124, 1273S-1283S. 
Kramer J.K., Sehat N., Dugan M.E., Mossoba M.M., Yurawecz M.P., Roach J.A., Eulitz 
K., Aalhus J.L., Schaefer A.L. & Ku Y. (1998) Distributions of conjugated 
linoleic acid (CLA) isomers in tissue lipid classes of pigs fed a commercial CLA 
mixture determined by gas chromatography and silver ion-high-performance 
liquid chromatography. Lipids 33, 549-558. 
Lopez-Casillas F. & Kim K.H. (1989) Heterogeneity at the 5' end of rat acetyl-coenzyme 
A carboxylase mRNA. Lipogenic conditions enhance synthesis of a unique 
mRNA in liver. Journal of Biological Chemistry 264, 7176-7184. 
Luo X.C. & Kim K.H. (1990) An enhancer element in the house-keeping promoter for 
acetyl-CoA carboxylase gene. Nucleic Acids Research 18, 3249-3254. 
Mao J., Marcos S., Davis S.K., Burzlaff J. & Seyfert H.M. (2001) Genomic distribution 
of three promoters of the bovine gene encoding acetyl-CoA carboxylase alpha and 
evidence that the nutritionally regulated promoter I contains a repressive element 
different from that in rat. Biochemistry Journal 358, 127-135. 
Mao J., Molenaar A.J., Wheeler T.T. & Seyfert H.M. (2002) STAT5 binding contributes 
to lactational stimulation of promoter III expressing the bovine acetyl-CoA 
carboxylase alpha-encoding gene in the mammary gland. Journal of Molecular 
Endocrinology 29, 73-88. 
Mao J. & Seyfert H.M. (2002) Promoter II of the bovine acetyl-coenzyme A carboxylase-
alpha-encoding gene is widely expressed and strongly active in different cells. 
Biochimica et Biophysica Acta 1576, 324-329. 
 65 
  
 
Moioli B., Napolitano F., Orru L. & Catillo G. (2005) Single nucleotide polymorphism 
detection in promoter III of the acetyl-CoA carboxylase-alpha gene in sheep. 
Journal of Animal Breeding and Genetics 122, 418-420. 
O'Callaghan B.L., Koo S.H., Wu Y., Freake H.C. & Towle H.C. (2001) Glucose 
regulation of the acetyl-CoA carboxylase promoter PI in rat hepatocytes. Journal 
of Biological Chemistry 276, 16033-16039. 
Ponce-Castaneda M.V., Lopez-Casillas F. & Kim K.H. (1991) Acetyl-coenzyme A 
carboxylase messenger ribonucleic acid metabolism in liver, adipose tissues, and 
mammary glands during pregnancy and lactation. Journal of Dairy Science 74, 
4013-4021. 
Tae H.J., Luo X. & Kim K.H. (1994) Roles of CCAAT/enhancer-binding protein and its 
binding site on repression and derepression of acetyl-CoA carboxylase gene. 
Journal of Biological Chemistry 269, 10475-10484. 
Wakil S.J., Stoops J.K. & Joshi V.C. (1983) Fatty acid synthesis and its regulation. 
Annual Review of Biochemistry 52, 537-579. 
   
 
66
 
Table 1. Polymorphisms in promoter I of ACC and genotype frequency.   
SNP1  SNP3  SNP7 
Variable 
TT TA AA  GG GT TT  TT TC CC 
Number of animals  216 290 67  458 93 22  73 312 188 
Genotype frequency 0.38 0.50 0.12  0.80 0.16 0.04  0.13 0.54 0.33 
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Table 2. Allele frequency at different locus by sire breed 
Allele frequency 
SNP1  SNP3  SNP7 
 
 
Sire breed T A  G T  T C 
Hereford (n = 95) 0.33 0.67  0.99 0.01  0.56 0.44 
Angus (n = 94) 0.55 0.45  0.99 0.01  0.37 0.63 
Brangus (n = 99) 0.32 0.68  0.86 0.14  0.30 0.70 
Beefmaster (n = 96) 0.41 0.59  0.97 0.03  0.36 0.64 
Bonsmara (n = 92) 0.23 0.77  0.58 0.42  0.36 0.64 
Romosinuano (n = 97) 0.37 0.63  0.88 0.12  0.44 0.56 
Total 0.36 0.64  0.88 0.12  0.39 0.61 
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Table 3. Effect of SNP7 genotype on lipid content, estimate (±SE) of the half allele substitution effect (allele C), and the 
coefficient of determination and correlation coefficient from regression and correlation analyses of lipid content on the 
number of C alleles for SNP7.  
Genotype2 Trait 
TT TC CC 
α/21 R2 r 
Lipid content 5.89 ± 0.21a 5.72 ± 0.12a 5.38 ± 0.14b -0.27 ± 0.11* 0.01* 0.09* 
1Half of the allele substitution effect. 
2Lipid contents are expressed as g/ 100g of beef. Values are expressed as LSM ± SE.  
a,bValues with different subscripts under column of genotype differ at P < 0.05. 
*P < 0.05. 
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 Figure 1 The positions of the SNPs in promoter I of ACC- α. The SNPs identified in the 
current study are bold and underlined. The DNA-binding sites of transcriptional factors 
are bold and indicated (PPAR: proxisome proliferator-activated receptors; RXR: retinoic 
X Receptor: NF-κB: nuclear factor κB; YY1: Yin and Yang 1; C/EBPα: CCAAT 
enhancer binding protein α). The positions of nucleotide are based on accession number 
AJ276223. 
   PPAR/RXR 
1921 CTAAACATGTAGCAGGAGAAAGCTAAGTCAGACTCAGGAGAGATGGAGATGCTGGAGAAG 
1981 CTGAAGAGACAGTAAGGCAGGAACAGGGAGTAAGCTCTCTAGGAAGGCTCTCCTGGGGTT 
2041 GCAGGAGAGTGAGGTGGGAAATGTGAAGGTCCAAAGCTGATCACTGTGAAATGTGAGAAT 
2101 CCCAAGAACAGGCAAGACTTAAACATGTTAGCCTCCCTGCCTTCAGATAAAGGTCCACTT 
2161 AAAATTTCTCCAGGTATTTAGTAATGAAGTGTATAGGACTTAGAAAGGGCTTAAAAAAAT 
  NF-κB 
2221 GATACTGGGGACTTCCCTGGTGGTCCAGTGGTTCAGAATCTGCCTTCTAATGCGGGGGAC 
        YY1 
2281 ACAGGTTTGAATGATTCCTGGTCAGGGAACTAGGATTCCATATGCTCCGGGACTACTAAA 
2341 CCCTTGTGCTACAACTAGAGAAAGCCCACACGCTGCAAGGAAGACGCAGCAGAGCCAAAA 
            C/EBP-α 
2401 GAAAAGATACTGGAGGTGTCATGCAAGAGGCAGCCAAGTTTTGGTGACTGCCAATTATAG 
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Abstract  
 
The objective of this study was to estimate the effects of sire breed on fatty acid 
composition of triacylglycerols (TAG), phospholipids (PL), and total lipids extracted 
from bovine Longissimus muscle (LM). Steer progeny resulting from artificial 
insemination mating of Angus and MARC III females with Hereford, Angus, Brangus, 
Beefmaster, Bonsmara, and Romosinuano males were used in the current study. Angus-
sired steers had the greatest content of total lipids in LM, which could be attributed to its 
greatest content of TAG in LM. The concentration of each individual fatty acid in TAG 
was significantly affected by the sire breed. Bonsmara-sired steers had the greatest 
content of myristic acid (C14:0) and the lowest concentration of total MUFA compared 
with steers from other sire breeds. The index of atherogenicity (IA) was therefore greater 
in Bonsmara-sired steers than in progeny of other sire breeds. High negative correlation (r 
= -0.98) was observed between the content of total SFA and MUFA in TAG after 
accounting for the known sources of variation from the analysis model. The 
concentrations of fatty acids were less influenced by sire breed in PL than those in TAG. 
The content of total SFA and the value of IA did not differ significantly among the steers 
with different sire breeds. A high negative correlation was observed between the content 
of total MUFA and PUFA in PL (r = -0.91). Because more than 90% of the lipids in LM 
were TAG, the fatty acid composition in total lipids was similar as that in TAG. 
Bonsmara-sired steers had the greatest IA, whereas Romosinuano-sired steers had the 
lowest IA in total lipids. In conclusion, these results suggest that these particular sire 
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breeds affect significantly the fatty acid composition of TAG, PL, and total lipids in LM 
of first generation progeny.  
Key Words: breed, fatty acid composition, Longissimus muscle, phospholipids, steer, 
triacylglycerols  
 
Introduction  
 
Meat fatty acid composition is of great interest because of its implication for human 
health. High intake of SFA causes elevated plasma cholesterol, which contributes to 
cardiovascular disease (Bronte-Stewart et al., 1956). In contrast, PUFA and MUFA 
increase hepatic LDL receptor activity, thereby decrease the circulating concentration of 
LDL-cholesterol (Rudel et al., 1995; Woollett et al., 1992). The microorganisms within 
the rumen of cattle hydrogenate a majority of the dietary unsaturated fatty acids, which 
results in a greater concentration of SFA in beef compared with meat from nonruminant 
animals. The consumption of beef in the U.S. has decreased from a high of 40.4 kg per 
capita in 1976 to 29.5 kg per capita in 2003. Health concerns over fat intake, especially 
SFA, is one of the factors contributing to this decline.  
A few studies have shown that pasture or feedlot feeding affected the concentration of 
several fatty acids in muscle tissues of beef cattle (French et al., 2000; Mandell et al., 
1998). Supplemented lipids, such as fish oil and corn oil, increased the content of 
conjugated linoleic acid (CLA) in subcutaneous and intramuscular adipose tissues of beef 
cattle (Noci et al., 2007; Pavan and Duckett, 2007). Several studies revealed that breed 
 73 
 
 
significantly affected the fatty acid composition of beef (Cuvelier et al., 2006; Perry et 
al., 1998; Zembayashi et al., 1995). 
The objective of this study is to investigate the effects of sire breed, such as Hereford, 
Angus, Brangus, Beefmaster, Bonsmara, and Romosinuano, on fatty acid composition of 
triacylglycerols (TAG), phospholipids (PL), and total lipids extracted from LM of beef 
cattle fed the same diet. Bonsmara is a tropically adapted breed from South Africa and 
has been strictly bred and selected. Romosinuano is a tropically adapted, criollo beef 
breed indigenous to Colombia. To our knowledge, this is the first paper to compare the 
fatty acid composition of LM of the two adapted breeds with the other four common 
breeds in USA.  
 
Materials and Methods   
 
Animals and samples collection 
 
Steer progeny resulting from artificial insemination mating of Angus and MARC III (a 
composite population of 1/4 each Angus, Hereford, Red Poll, and Pinzgauer breeding) 
females with Hereford, Angus, Brangus, Beefmaster, Bonsmara, and Romosinuano males 
were used in the current study. Data were obtained from 588 steers (Table 1) produced in 
2002 (n = 254) and 2003 (n = 334) in cycle VIII of the Germplasm Evaluation Program at 
the U.S. Meat Animal Research Center (MARC). The male calves were castrated within 
24 hours. All steers were fed the same diet and slaughtered when they were 
approximately 426 days in a commercial facility. The wholesale rib was stored at 4°C 
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and transferred to the meat laboratory at MARC approximately 36 hours after slaughter. 
The rib then was separated into lean, fat trim, and bone. A lean rib steak was sent to Iowa 
State University and stored at -20°C for further analysis.  
 
Fatty Acid Analysis 
 
Total lipids were extracted from the LM samples by using chloroform and methanol 
(2:1, vol:vol) mixture and quantified (Folch et al., 1957). The organic solvent was 
evaporated with a stream of nitrogen gas, and the lipid was quantified gravimetrically. 
Phospholipids and TAG were separated from approximately 5 mg of total lipids by using 
thin-layer chromatography with hexane:ethylacetate (80:20; v:v) as the solvent system. 
Lipid phosphorus was analyzed by wet ashing the total lipid extract followed by the 
addition of molybdate salt and ascorbic acid (Chen et al., 1956). The content of PL then 
was determined assuming that the average molecular weight of PL is 769.  The TAG 
contents were calculated by subtracting the PL concentrations from the total lipid 
contents. The PL and TAG were esterified with methanol by two-step methylation using 
sodium methoxide and acetyl chloride (Kramer et al., 1998). Fatty acid methyl esters 
(FAME) were quantified by a gas chromatograph (model 3400, Varian, Palo Alto, CA) 
equipped with a SP-2560 fused silica capillary column (100 m × 0.25 mm i.d. × 0.2 µm 
film thickness) (Supelco Inc., Bellefonte, PA) and a flame ionization detector. A 
temperature-programmed procedure was used as described previously (Kramer et al., 
1998). In brief, the column was operated for 4 min at 70°C, then temperature 
programmed to 175°C at 13°C/min, held there for 27 min, followed by a second 
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temperature program to 215°C at 4°C/min, and held there for 37 min. The total running 
time was 86.69 minutes. The temperature of the injector was programmed to increase 
from a beginning temperature of 68°C to a final temperature of 250°C at a rate of 
250°C/min.  The detector was maintained at 220°C.  
Peaks of FAME were identified by comparing the retention time with the 
commercially available FAME standards (Nu-Chek-Prep, Inc., Elysian, MN). The fatty 
acid compositions were calculated using the peak areas and expressed as weight 
percentage of total fatty acids. The index of atherogenicity (IA) was calculated according 
to Ulbricht and Southgate (Ulbricht and Southgate, 1991). The activity of ∆9-desaturase 
and elongase were estimated by relating the concentration of product to the concentration 
of precursor (Okada et al., 2005; Pan et al., 1995). Specifically, the ∆9-desaturase (14) 
index was calculated as 100 times the ratio of myristoleic acid (C14:1) percentage to 
myristic acid (C14:0). The ∆9-desaturase (16) index was calculated as 100 times the ratio 
of the sum of palmitoleic acid (C16:1) and cis vaccenic acid (C18:1 c11) to the 
percentage of palmitic acid (C16:0). The ∆9-desaturase (18) index was calculated as 100 
times the ratio of oleic acid (C18:1) content to the stearic acid (C18:0) concentration. The 
elongase index was calculated as the ratio of C18:0 to C16:0. 
 
Statistical Analysis 
 
Least squares means (± SE) of fatty acid composition traits were determined using a 
mixed linear model (PROC MIXED; SAS Inst., Inc., Cary, NC) that included sire and 
dam breed as fixed effects, lipid content and final weight as covariates, and year as 
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random effect. The p-value of sire breed effect on each trait was obtained from ANOVA 
and declared to be significant if p < 0.05. The mixed model to analyze lipid, TAG, and 
PL contents included sire and dam breed as fixed effects, final weight as covariate, and 
year as random effect. Means were compared using pair-wise  t-tests (pdiff option of 
SAS) when sire breed effect was significant and declared to be different at P < 0.05. 
Residual correlation coefficient between the traits was calculated using a fixed effect 
model with sire and dam breed, final weight, total lipid content, and year in a multivariate 
ANOVA in PROC GLM of SAS.  
 
Results and Discussions 
 
Effects of sire breed on TAG, PL, and total lipids content 
The breed of sire significantly affected the TAG, PL, and total lipids content in LM as 
shown in Table 2. Angus-sired steers had the greatest content of total lipid in LM (P < 
0.05), which was 34.8% and 32.4% greater than that of Brangus- and Beefmaster-sired 
steers, respectively (P < 0.001). The differences of total lipids were attributed mainly to 
the differences in TAG concentration in LM. Angus-sired steers had 37.8% and 35.1% 
greater content of TAG than did Brangus- and Beefmaster-sired steers, respectively (P < 
0.001). Romosinuano-sired steers had greater concentration of PL in LM than did steers 
from other sire breed (P < 0.05), but the numeric differences were small. More than 90% 
of the lipids in LM are TAG (Table 2). Angus-sired steers had the greatest content of 
TAG and the lowest content of PL in the total lipids extracted from LM (P < 0.05). 
Marshall (Marshall, 1994) carried a pooled-across-study analysis to compare the sire 
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breed effects on carcass composition and showed that Angus-sired cattle had greater 
marbling score than did Brangus-, Beefmaster-, and Hereford sired cattle, which is in 
agreement with our study. Aberdeen Angus bulls have been shown to have 46.3% more 
total lipids than did Limousin bulls in longissimus thoracis (Cuvelier et al., 2006). In 
contrast, no significant difference in the content of intramuscular fat (IMF) between Red 
Angus and Simmental steers was observed (Laborde et al., 2001).  
 
Effects of sire breed on fatty acid composition of TAG 
 
The breed of sire significantly affected the concentration of each individual fatty acid 
in TAG of LD muscle and the value of several indices (Table 3). The concentration of 
C14:0 was the greatest in Bonsmara-sired steers, which was 13.3% and 11.6% higher 
than that in Hereford- and Angus-sired steers, respectively (P < 0.05). The content of 
C16:0, the major SFA in beef lipids, was greater in Bonsmara-sired steers than that in 
Brangus-, Beefmaster-, and Romosinuano-sired steers. In contrast, the content of oleic 
acid (C18:1) was lower in Bonsmara-sired steers than that in Angus-, Beefmaster-, and 
Romosinuano-sired steers. Furthermore, Bonsmara-sire steers had greater content of total 
SFA and lower concentration of total MUFA than did steers from other sire breeds (P < 
0.05), except Hereford (P > 0.05).  
Romosinuano-sired steers had the lowest content of C16:0 compared with steers from 
other sire breeds (P < 0.05). The concentration of total SFA was lower in Romosinuano- 
and Brangus-sired steers than in those from other sire breeds (P < 0.05). In addition, 
Romosinuano-sired steers had greater content of C18:1 than did progeny of other sire 
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breeds (P < 0.05), except Beefmaster (P > 0.05). The content of myristoleic acid (C14:1) 
and trans-vaccenic acid (C18:1 t11) were greater in Brangus-sired steers than in all other 
sired steers (P < 0.05). Furthermore, Brangus-sired steers had greater content of linoleic 
acid (18:2 n6) than did cattle from other sire breeds (P < 0.05), except Romosinuano (P > 
0.05). Consequently, the concentration of total MUFA was greater in Romosinuano-sired 
steers than in offspring of all other sire breeds (P < 0.05), except Brangus (P > 0.05); 
whereas the content of total PUFA was greater in Brangus-sired steers than in progeny of 
all other sire breeds (P < 0.05), except Romosinuano (P < 0.05).  
There was no significant difference in the concentrations of most fatty acids between 
Hereford- and Angus-sired steers. In addition, the contents of total SFA, MUFA, and 
PUFA and the value of AI did not differ significantly among progeny from Hereford, 
Angus, and Beefmaster sires.  
The only isomer of CLA detected in the current study was CLAc9, t11. Hereford- and 
Brangus-sired steers had approximately 11% more CLA than did Angus-, Beefmaster- 
and Bonsmara-sired steers.  
A previous study showed that pure breed Japanese Black and Japanese Black-sired 
crossbred steers had lower content of total SFA and greater content of MUFA in both 
intramuscular and subcutaneous TAG than did pure breed Holstein and Holstein-sired 
crossbred steers (Zembayashi et al., 1995). 
Stearoyl-CoA desaturase (SCD), or ∆9-desaturase, catalyzes the conversion of C14:0, 
C16:0, and C18:0 to C14:1, C16:1, and C18:1, respectively. Some studies have suggested 
that the elevated concentration of C16:1 between breeds could be contributed to increased 
SCD activity (Laborde et al., 2001; Sturdivant et al., 1992). Three different ratios 
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therefore were used for the indices of SCD activity (Table 3). Greater index values mean 
greater desaturase activity. Because it was elongated from C16:1, C18:1c11 was included 
in the equation to estimate ∆9-desaturase (C16) index, which is an indicator for the SCD 
activity on the conversion of C16:0 to C16:1. Similar results were obtained for the three 
indices (Table 3). Brangus-sired steers had the greatest ∆9-desaturase (C14) index. The 
values of ∆9-desaturase (C16) and ∆9-desaturase (C18) indices were greater in Brangus- 
and Romosinuano-sired steers than those in Hereford-, Beefmaster-, and Bonsmara-sired 
steers.  
The elongation of fatty acids occurs in both the mitochondria and microsomal 
membranes, but the predominant site for elongation is the endoplasmic reticulum (ER) 
membranes. Generally, the mitochondrial elongation system uses fatty acyl CoA 
substrates in the range of C10-C14, whereas microsomal elongases act on C16 and longer 
fatty acids (Harwood, 1994). In the current study, the ratio of C18:0 to C16:0 was used to 
represent the enzyme activity of elongase on C16:0. Hereford- and Beefmaster-sired 
steers had greater elongase index than did Angus-, Brangus-, and Bonsmara-sired steers.  
Of the saturated fatty acids including C14:0, C16:0, and C18:0, dietary C14:0 is 
considered to have the most harmful cardiovascular effect on humans, which is almost 
four times the effect of C16:0 (Hegsted et al., 1965; Keys et al., 1974), whereas C18:0 is 
believed to be neutral in effect (Bonanome and Grundy, 1988). The IA is considered as a 
better measure of atherogenicity of dietary lipids than P to S ratio (the ratio of total PUFA 
to total SFA), because this index put more weight on C14:0 and it includes MUFA 
(Kinsella et al., 1990; Ulbricht and Southgate, 1991). In the current study, the greatest IA 
was observed in Bonsmara-sire steers (P < 0.05) compared with other sire breeds. 
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Furthermore, Romosinuano-sired steers had lower IA than did offspring of all other sire 
breeds (P < 0.05), except Brangus (P > 0.05); 
 
Effects of sire breed on fatty acid composition of PL 
 
Table 4 shows the fatty acid composition of PL by sire breed. The contents of fatty 
acid in PL were less influenced by sire breed than those in TAG. The only SFA that was 
significantly affected by breed of sire was C17:0. Therefore, no significantly difference 
was observed in the content of total SFA. In contrast, sire breed significantly affected the 
concentrations of each individual MUFA. Hereford-sired steers had the greatest content 
of C16:1 compared with offspring from all other sire breeds (P < 0.05). In addition, the 
concentration of C18:1 was greater in Hereford-sired steers than that in Brangus-, 
Bonsmara-, and Romosinuano-sired steers (P < 0.05). Brangus-sired steers had the 
greatest concentration of C18:1 t11 (P < 0.05). The content of cis vaccenic acid (C18:1 
c11) was greater in Romosinuano-sired steers than that in Hereford-, Beefmaster-, and 
Bonsmara-sired steers (P < 0.05). Similarly, the contents of several PUFA were 
significantly influenced by the sire breed. Romosinuano-sired steers had approximately 
13% more C18:2 than did Hereford-sired cattle. In addition, the concentration of C20:3 in 
Romosinuano-sired steers was greater than that in other sired steers (P < 0.05), except 
Brangus (P > 0.05). Overall, Hereford-sired steers had greater content of total MUFA and 
lower content of total PUFA than did progeny of other sire breeds (P < 0.05), except 
Angus (P < 0.05). In contrast, Romosinuano-sired steers had greater content of PUFA 
and lower content of MUFA than did Herford-, Angus-, and Beefmaster-sired steers.  
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The percentage of CLA in PL was lower than that in TAG (Table 3 & Table 4). 
Hereford-sired steers had the greatest content of CLA in PL compared with other sire 
breeds (P < 0.05), which did not differ from each other (P > 0.05; Table 4). No 
significant difference was observed in the values of ∆9-desaturase (C16) index, elongase 
index, and AI among the progeny from different sire breeds. Hereford-sired cattle had 
greater ∆9-desaturase (C18) index than did steers from other sire breeds (P < 0.05), 
except Angus (P > 0.05). A previous study (Malau-Aduli et al., 1998) on Limousin and 
Jersey cattle showed that breed significantly affected the concentrations of several fatty 
acids in PL extracted from triceps branchii. Japanese black steers were shown to have 
less content of C16:0 in intramuscular PL than did Holstein steers (Zembayashi et al., 
1995).  
 
Effects of sire breed on fatty acid composition of total lipids 
 
Because more than 90% of the lipids in LM were TAG (Table 2), the fatty acid 
composition of total lipids was similar as that of TAG (Table 5 & Table 3). Bonsmara-
sired steers had greater content of SFA than did progeny of other sire breed (P < 0.05), 
except Hereford (P > 0.05). Brangus- and Romosinuano-sired steers had greater content 
of MUFA than did Hereford-, Beefmaster-, and Bonsmara-sired steers (P < 0.05). The 
concentration of PUFA was greater in Romosinuano-sired steers than that in offspring 
from other sire breeds (P < 0.05), except Brangus (P > 0.05). The CLA contents in 
Hereford- and Brangus-sired steers were greater than those in Angus-, Beefmaster-, and 
Bonsmara-sired cattle (P < 0.05). Bonsmara-sired steers had the greatest value of IA, 
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whereas Romosinuano-sired steers had the lowest value of IA, compared with cattle from 
other sire breeds (P < 0.05). A previous study(Laborde et al., 2001) on Red Angus and 
Simmental steers showed significant breed effects on total lipids and PL fatty acid 
composition of LM. Furthermore, the contents of fewer fatty acids in PL were influenced 
than those in total lipids, which was in agreement of our study. Eichhorn et al. (Eichhorn 
et al., 1986) investigated the fatty acid composition of cows from 15 breeds and crosses 
including Hereford and Angus, and found that breed significantly affected the fatty acid 
composition of LM.  
 
Relationship among fatty acids 
 
Residual correlation coefficients were then calculated to examine the relationship 
between the traits after accounting for the known sources of variation from the analysis 
model. Table 6 shows the residual correlation coefficients between the contents of several 
fatty acids in TAG. Myristic acid had high positive correlation with C16:0 (r = 0.78; P < 
0.001) and negative correlation C18:1 (r = -0.70; P < 0.001), which was in agreement 
with previous study (Perry et al., 1998). Similarly, a strong negative correlation was 
observed between C16:0 and C18:1 (r = -0.68; P < 0.001). The correlation between total 
SFA and MUFA, therefore, is very high (r = -0.98; P < 0.001).  
In PL, a high negative correlation was observed between C18:1, the major MUFA, and 
C18:2 (r = -0.91; P < 0.001), the major PUFA (Table 2). The content of total MUFA, 
therefore, had high negative correlation with the concentration of total PUFA (r = -0.91; 
P < 0.001). The degree of unsaturation of fatty acyl chain of PL is one of the major 
 83 
 
 
factors that determine the fluidity of cell membranes (Stubbs and Smith, 1984), which 
plays a crucial role in many cellular processes, including trans-membrane signal 
transduction (Cuatrecasas, 1974), cross-membrane transport (Melchior and Czech, 1979), 
cell adhesion (Chan et al., 1991), and membrane-bound enzyme activity (Gordon et al., 
1980; Sutherland et al., 1988). The similar content of SFA and high negative correlation 
of PUFA with MUFA observed in the current study (Table 4 & 7) were expected so that 
the similar degree of unsaturation of PL, and therefore, the similar cell membrane fluidity 
could be retained.  
The correlations coefficients between the contents of several fatty acids in total lipids 
were similar as those in TAG (Table 8 & 6). Strong negative correlation (r = -0.89; P < 
0.001) was observed between the content of total SFA and total MUFA in total lipids 
(Table 8).  
 
Implications 
 
Differences in fatty acid composition of TAG, PL, and total lipids extracted from LM 
were observed in progeny of different sire breed. Because the cattle used in the current 
study were raised in the same conditions and the effects of lipid content on fatty acid 
composition were taken into account in statistical analysis, our results suggested a genetic 
basis for the differences of individual fatty acid concentrations. To increase market of 
beef for health conscious consumers, Romosinuano-sired cattle may be used to produce 
meat with less atherogenic SFA.  
 84 
 
 
Literarue Cited 
 
 
Bonanome, A., and S. M. Grundy. 1988. Effect of dietary stearic acid on plasma 
cholesterol and lipoprotein levels. N Engl J Med 318: 1244-1248. 
Bronte-Stewart, B., A. Antonis, L. Eales, and J. F. Brock. 1956. Effects of feeding 
different fats on serum-cholesterol level. Lancet 270: 521-526. 
Chan, P. Y. et al. 1991. Influence of receptor lateral mobility on adhesion strengthening 
between membranes containing LFA-3 and CD2. J Cell Biol 115: 245-255. 
Chen, P. S., T. Y. Toribara, and H. Warner. 1956. Microdetermination of phosphorus. 
Analyt Chem 28: 1756-1758. 
Cuatrecasas, P. 1974. Membrane receptors. Annu Rev Biochem 43: 169-214. 
Cuvelier, C. et al. 2006. Comparison of composition and quality traits of meat from 
young finishing bulls from Belgian Blue, Limousin and Aberdeen Angus breeds. 
Meat Sci 74: 522-531. 
Eichhorn, J. M. et al. 1986. Effects of breed type and restricted versus ad libitum feeding 
on fatty acid composition and cholesterol content of muscle and adipose tissue 
from mature bovine females. J Anim Sci 63: 781-794. 
Folch, J., M. Lees, and G. H. Sloane Stanley. 1957. A simple method for the isolation and 
purification of total lipides from animal tissues. J Biol Chem 226: 497-509. 
French, P. et al. 2000. Fatty acid composition, including conjugated linoleic acid, of 
intramuscular fat from steers offered grazed grass, grass silage, or concentrate-
based diets. J Anim Sci 78: 2849-2855. 
 85 
 
 
Gordon, L. M. et al. 1980. The increase in bilayer fluidity of rat liver plasma membranes 
achieved by the local anesthetic benzyl alcohol affects the activity of intrinsic 
membrane enzymes. J Biol Chem 255: 4519-4527. 
Harwood, J. K. 1994. Lipid Metabolism. Pages 605-664 in The Lipid Handbook, second 
edition, Chapman & Hall, London, UK. 
Hegsted, D. M., R. B. McGandy, M. L. Myers, and F. J. Stare. 1965. Quantitative effects 
of dietary fat on serum cholesterol in man. Am J Clin Nutr 17: 281-295. 
Keys, A., F. Grande, and J. T. Anderson. 1974. Bias and misrepresentation revisited: 
"perspective" on saturated fat. Am J Clin Nutr 27: 188-212. 
Kinsella, J. E., B. Lokesh, and R. A. Stone. 1990. Dietary n-3 polyunsaturated fatty acids 
and amelioration of cardiovascular disease: possible mechanisms. Am J Clin Nutr 
52: 1-28. 
Kramer, J. K. et al. 1998. Distributions of conjugated linoleic acid (CLA) isomers in 
tissue lipid classes of pigs fed a commercial CLA mixture determined by gas 
chromatography and silver ion-high-performance liquid chromatography. Lipids 
33: 549-558. 
Laborde, F. L., I. B. Mandell, J. J. Tosh, J. W. Wilton, and J. G. Buchanan-Smith. 2001. 
Breed effects on growth performance, carcass characteristics, fatty acid 
composition, and palatability attributes in finishing steers. J Anim Sci 79: 355-
365. 
Malau-Aduli, A. E., B. D. Siebert, C. D. Bottema, and W. S. Pitchford. 1998. Breed 
comparison of the fatty acid composition of muscle phospholipids in Jersey and 
Limousin cattle. J Anim Sci 76: 766-773. 
 86 
 
 
Mandell, I. B., J. G. Buchanan-Smith, and C. P. Campbell. 1998. Effects of forage vs 
grain feeding on carcass characteristics, fatty acid composition, and beef quality 
in Limousin-cross steers when time on feed is controlled. J Anim Sci 76: 2619-
2630. 
Marshall, D. M. 1994. Breed differences and genetic parameters for body composition 
traits in beef cattle. J Anim Sci 72: 2745-2755. 
Melchior, D. L., and M. P. Czech. 1979. Sensitivity of the adipocyte D-glucose transport 
system to membrane fluidity in reconstituted vesicles. J Biol Chem 254: 8744-
8747. 
Noci, F., F. J. Monahan, N. D. Scollan, and A. P. Moloney. 2007. The fatty acid 
composition of muscle and adipose tissue of steers offered unwilted or wilted 
grass silage supplemented with sunflower oil and fishoil. Br J Nutr 97: 502-513. 
Okada, T. et al. 2005. Plasma palmitoleic acid content and obesity in children. Am J Clin 
Nutr 82: 747-750. 
Pan, D. A. et al. 1995. Skeletal muscle membrane lipid composition is related to 
adiposity and insulin action. J Clin Invest 96: 2802-2808. 
Pavan, E., and S. K. Duckett. 2007. Corn oil supplementation to steers grazing 
endophyte-free tall fescue. II. Effects on longissimus muscle and subcutaneous 
adipose fatty acid composition and stearoyl-CoA desaturase activity and 
expression. J Anim Sci 85: 1731-1740. 
Perry, D., P. J. Nicholls, and J. M. Thompson. 1998. The effect of sire breed on the 
melting point and fatty acid composition of subcutaneous fat in steers. J Anim Sci 
76: 87-95. 
 87 
 
 
Rudel, L. L., J. S. Parks, and J. K. Sawyer. 1995. Compared with dietary 
monounsaturated and saturated fat, polyunsaturated fat protects African green 
monkeys from coronary artery atherosclerosis. Arterioscler Thromb Vasc Biol 15: 
2101-2110. 
Stubbs, C. D., and A. D. Smith. 1984. The modification of mammalian membrane 
polyunsaturated fatty acid composition in relation to membrane fluidity and 
function. Biochim Biophys Acta 779: 89-137. 
Sturdivant, C. A., D. K. Lunt, G. C. Smith, and S. B. Smith. 1992. Fatty acid composition 
of subcutaneous and intramuscular adipose tissues and M. longissimus dorsi of 
Wagyu cattle. . Meat Sci 32: 449-458. 
Sutherland, E. et al. 1988. Biochemical localization of hepatic surface-membrane 
Na+,K+-ATPase activity depends on membrane lipid fluidity. Proc Natl Acad Sci 
U S A 85: 8673-8677. 
Ulbricht, T. L., and D. A. Southgate. 1991. Coronary heart disease: seven dietary factors. 
Lancet 338: 985-992. 
Woollett, L. A., D. K. Spady, and J. M. Dietschy. 1992. Saturated and unsaturated fatty 
acids independently regulate low density lipoprotein receptor activity and 
production rate. J Lipid Res 33: 77-88. 
Zembayashi, M., K. Nishimura, D. K. Lunt, and S. B. Smith. 1995. Effect of breed type 
and sex on the fatty acid composition of subcutaneous and intramuscular lipids of 
finishing steers and heifers. J Anim Sci 73: 3325-3332.
   
 
88
 
Table 1. Distribution of steers sire and dam breed 
 
Sire Breed Dam breed 
Hereford Angus Brangus Beefmaster Bonsmara Romosinuano 
Total 
Angus 52 0 58 45 54 48 257 
MARC III 46 97 44 52 42 50 331 
Total 98 97 102 97 96 98 588 
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Table 2.  Effects of sire breeds on total lipids, triacylglycerols (TAG), and phospholipids (PL) contents1 
 
Sire breed TAG 
(g/100 g of LM) 
PL 
(g/ 100 g of LM) 
Total lipids 
(g/100 g of LM) 
TAG 
(g/100 g of total lipids2) 
PL 
(g/100 g of total lipids2) 
Hereford 5.41 ± 0.17b 0.42 ± 0.01b 5.83 ± 0.17b 92.07 ± 0.30b 7.93 ± 0.30b 
Angus 6.27 ± 0.19a 0.43 ± 0.01b 6.70 ± 0.19a 93.21 ± 0.33a 6.69 ± 0.33c 
Brangus 4.55 ± 0.17d 0.42 ± 0.01b 4.97 ± 0.17c 90.73  ± 0.30c 9.27 ± 0.30a 
Beefmaster 4.64 ± 0.18c,d 0.42 ± 0.01b 5.06 ± 0.18c 90.81 ± 0.31c 9.19 ± 0.31a 
Bonsmara 5.04 ± 0.18b,c 0.42 ± 0.01b 5.46 ± 0.18b 91.75 ± 0.31b 8.25 ± 0.31b 
Romosinuano 5.19 ± 0.18b 0.45 ± 0.01a 5.64 ± 0.18b 91.27 ± 0.32b,c 8.73 ± 0.32a,b 
1Values are expressed as least square means ± SE.  
2Total lipids were extracted from LM.
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Table 3. The effects of sire breed on the fatty acid composition of triacylglycerols (TAG) in LM of beef cattle1  
 
Breed 
Item Hereford Angus Brangus Beefmaster Bonsmara Romosinuano P-value
2 
Fatty acid3        
14:0 3.81±0.08c  3.87±0.09c 4.05±0.09b 3.96±0.09b,c 4.33±0.09a 3.93±0.09b,c <0.001 
14:1 0.72±0.03b,c 0.71±0.03b,c 0.84±0.03a 0.70±0.03c 0.77±0.03b 0.75±0.03b,c <0.001 
15:0 0.47±0.01c,d 0.48±0.01b,c 0.53±0.01a 0.48±0.01b,c,d 0.50±0.01b 0.45±0.01d <0.001 
16:0 29.72±0.26a,b,c 29.92±0.28a,b 29.74±0.26b,c 29.42±0.27c 30.31±0.27a 28.74±0.27d 0.001 
16:1 3.81±0.08b 3.91±0.08a,b 4.01±0.08a 3.70±0.08c 3.92±0.08a,b 3.97±0.08a,b <0.001 
17:0 1.32±0.04b 1.36±0.04b,c 1.40±0.04a 1.39±0.04a 1.36±0.04a,b 1.27±0.04c <0.001 
17:1 0.78±0.02c 0.81±0.02b 0.88±0.02a 0.83±0.02b,c 0.81±0.02b,c 0.80±0.02b,c <0.001 
18:0 14.71±0.17a 13.98±0.19b 13.25±0.17c 14.73±0.17a 14.16±0.17b 13.97±0.18b <0.001 
18:1 35.92±0.38c 36.00±0.40b,c 35.62±0.38c 36.66±0.38a,b 35.46±0.38c 37.09±0.39a <0.001 
18:1 t11 5.44±0.59b,c 5.73±0.59b 6.30±0.59a 5.06±0.59c 5.27±0.59b,c 5.61±0.59b <0.001 
18:1 c11 0.93±0.07b,c 0.98±0.07a,b 1.02±0.07a 0.92±0.07c 0.91±0.07c 1.02±0.07a <0.001 
18:2 n6 1.57±0.05c 1.60±0.06c 1.79±0.05a 1.58±0.05c 1.65±0.05b,c 1.74±0.05a,b <0.001 
18:3 n3 0.18±0.01a,b, c 0.21±0.02a 0.20±0.01a 0.19±0.01a,b 0.17±0.01b,c 0.15±0.01c 0.028 
CLA c9,t11 0.42±0.01a 0.37±0.02c 0.42±0.01a 0.38±0.01b,c 0.37±0.01c 0.41±0.01a,b 0.004 
SFA4 50.18±0.29a,b 49.67±0.32b 48.93±0.30c 50.00±0.30b 50.65±0.30a 48.47±0.31c <0.001 
MUFA5 47.64±0.31c,d 48.14±0.33b,c 48.66±0.31a,b 47.85±0.31c 47.15±0.31d 49.21±0.32a <0.001 
PUFA6 1.75±0.05c 1.81±0.06b,c 1.99±0.05a 1.77±0.06c 1.82±0.05b,c 1.90±0.06a,b <0.001 
∆
9
-desaturase (C14) index7 18.79±0.48b 18.42±0.54b,c 20.84±0.48a 17.46±0.49c 17.58±0.49c 19.10±0.51b <0.001 
∆
9
-desaturase (C16) index8 15.89±0.32b 16.32±0.34a,b 16.93±0.32a 15.71±0.32b 15.93±0.32b 17.23±0.33a <0.001 
∆
9
-desaturase (C18) index9 246.59±4.34d 259.81±4.71b,c 272.71±4.34a 251.76±4.41c,d 253.47±4.41c,d 267.60±4.51a,b <0.001 
Elongase index20 49.49±0.92a 46.84±0.99b 44.88±0.92c 50.43±0.93a 46.96±0.93b 48.74±0.95a,b <0.001 
IA11 0.91±0.02b 0.91±0.02b 0.90±0.02b,c 0.91±0.02b 0.97±0.02a 0.87±0.02c <0.001 
   
 
91
 
a-dValues in the same row with different superscripts differ at P≤ 0.05 
1Traits are expressed as least square means ± SE.  
2Obtained from ANOVA.  
3Fatty acid values are g/100 g of total fatty acids.  
4Saturated fatty acids, calculated as C14:0 + C15:0 + C16:0 + C17:0 + C18:0  
5Mounsaturated fatty acids, calculated as C14:1 + C16:1 + C17:1 + C18:1 + C18:1 t11 + C18:1 c11 
6Polyunsaturated fatty acids, calculated as C18:2 + C18:3  
7Calculated as C14:1*100/C14:0 
8Calculated as (C16:1+C18:1c11)*100/C16:0 
9Calculated as C18:1*100/C18:0 
10Calculated as C16:0/C18:0 
11Index of atherogenicity, calculated as (4×14:0 + 16:0)/(ΣMUFA + ΣPUFA + CLA). 
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Table 4. The effects of sire line on the fatty acid composition of phospholipids (PL) in LM of beef cattle1.  
Breed 
Item 
Hereford Angus Brangus Beefmaster Bonsmara Romosinuano 
p-value2 
Fatty acid3        
14:0 0.12±0.02 0.12±0.02 0.12±0.02 0.12±0.02 0.15±0.02 0.12±0.02 0.859 
15:0 0.29±0.09 0.06±0.10 0.09±0.09 0.12±0.09 0.18±0.09 0.20±0.09 0.520 
16:0 17.87±0.19 18.34±0.21 17.91±0.19 17.94±0.20 17.86±0.20 17.51±0.20 0.095 
16:1 1.53±0.05a 1.41±0.05b 1.27±0.05c,d 1.37±0.05b,c 1.28±0.05c 1.16±0.05d <0.001 
17:0 0.37±0.02c 0.40±0.02a,b 0.41±0.02a 0.38±0.02b,c 0.38±0.02b,c 0.37±0.02c <0.001 
17:1 0.82±0.05a 0.76±0.05a,b 0.74±0.05b 0.73±0.05b 0.68±0.05b 0.68±0.05b 0.005 
18:0 7.79±0.23 7.94±0.24 7.71±0.23 7.88±0.24 7.96±0.24 7.91±0.24 0.457 
18:1 22.50±0.42a 21.58±0.48a,b 20.20±0.42c 21.42±0.43a,b 20.44±0.43b,c 19.40±0.45c <0.001 
18:1 t11 1.35±0.25c 1.59±0.25b 1.92±0.25a 1.41±0.25b,c 1.41±0.25b,c 1.40±0.25b,c <0.001 
18:1 c11 3.04±0.11c 3.35±0.12a,b 3.30±0.11a,b 3.04±0.11c 3.18±0.11b,c 3.47±0.12a <0.001 
18:2 n6 25.88±0.47d 26.74±0.53c,d 28.35±0.47a,b 27.49±0.49b,c 28.29±0.48a,b 29.26±0.50a <0.001 
18:3 n3 0.65±0.04a 0.63±0.04a,b 0.64±0.04,a,b 0.66±0.04a 0.67±0.04a 0.61±0.04b 0.017 
CLA c9,t11 0.17±0.01a 0.14±0.01b 0.14±0.01b 0.14±0.01b 0.14±0.01b 0.13±0.01b <0.001 
20:3 n6 2.48±0.06c 2.48±0.06c 2.61±0.06a,b 2.49±0.06c 2.57±0.06b,c 2.67±0.06a 0.001 
20:4 n6 9.95±0.17 9.60±0.19 9.71±0.17 9.73±0.18 9.81±0.18 10.07±0.18 0.172 
20:5 n3 0.85±0.06a,b 0.81±0.06b,c 0.82±0.06b,c 0.88±0.06a 0.84±0.06a,b 0.77±0.06c 0.019 
22:4 n6 1.36±0.07 1.29±0.08 1.37±0.07 1.31±0.08 1.36±0.08 1.44±0.08 0.208 
22:5 n3 2.52±0.08 2.45±0.08 2.38±0.08 2.53±0.08 2.51±0.08 2.52±0.08 0.062 
22:6 n3 0.40±0.03a 0.32±0.03b 0.32±0.03b 0.37±0.03a,b 0.34±0.03b 0.31±0.03b <0.001 
SFA4 26.42±0.30 26.85±0.33 26.27±0.31 26.45±0.31 26.52±0.31 26.11±0.32 0.477 
MUFA5 29.26±0.58a 28.72±0.63a,b 27.40±0.58c 27.99±0.59b,c 26.90±0.59c,d 26.09±0.60d <0.001 
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Breed 
Item 
Hereford Angus Brangus Beefmaster Bonsmara Romosinuano 
p-value2 
PUFA6 44.11±0.59d 44.32±0.67c,d 46.20±0.60a,b 45.46±0.61b,c 46.37±0.61a,b 47.65±0.63a <0.001 
∆
9
-desaturase (C16) index7 25.94±0.73 26.02±0.77 25.64±0.73 24.84±0.74 25.20±0.74 26.54±0.75 0.127 
∆
9
-desaturase (C18) index8 295.02±9.92a 278.93±10.51a,b 265.81±9,93b,c 278.20±10.03b 258.75±10.03c 249.79±10.19c <0.001 
Elongase index9 44.42±1.46 43.39±1.51 43.36±1.46 44.11±1.47 44.83±1.47 45.56±1.49 0.240 
IA10 0.25±0.01 0.26±0.01 0.25±0.01 0.25±0.01 0.25±0.01 0.24±0.01 0.365 
a-dValues in the same row with different superscripts differ at P≤ 0.05 
1Traits are expressed as least square means ± SE.  
2Obtained from ANOVA.  
3Fatty acid values are g/100 g of total fatty acids.  
4Satureated fatty acids, calculated as C14:0 + C15:0 + C16:0 + C17:0 + C18:0  
5Mounsaturated fatty acids, calculated as C16:1 + C17:1 + C18:1 + C18:1 t11 + C18:1 c11 
6Polyunsaturated fatty acids, calculated as C18:2 + C18:3 + C20:3 + C20:4 + C20:5 + C22:4 + C22:5 + C22:6 
7Calculated as (C16:1+C18:1c11)*100/C16:0 
8Calculated as C18:1*100/C18:0 
9Calculated as C16:0/C18:0 
10Index of atherogenicity, calculated as (4×14:0 + 16:0)/(ΣMUFA + ΣPUFA + CLA).  
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Table 5. The effects of sire line on the fatty acid composition of total lipids in LM of beef cattle1 
 
Breed 
Item 
Hereford Angus Brangus Beefmaster Bonsmara Romosinuano 
p-value2 
Fatty acid3        
14:0 3.51±0.08c 3.56±0.08b,c 3.72±0.07b 3.64±0.08b,c 3.99±0.08a 3.60±0.08b,c <0.001 
14:1 0.66±0.03b,c 0.66±0.03b,c 0.77±0.03a 0.64±0.03c 0.70±0.03b 0.68±0.03b,c <0.001 
15:0 0.45±0.01b,c 0.45±0.01b,c 0.50±0.01a 0.45±0.01b,c 0.47±0.01a,b 0.42±0.01c <0.001 
16:0 28.90±0.27a,b 29.01±0.28a,b 28.69±0.27b,c 28.45±0.27c 29.32±0.27a 27.88±0.28d <0.001 
16:1 3.62±0.07b,c 3.70±0.07a,b 3.78±0.07a 3.50±0.07c 3.70±0.07a,b 3.72±0.07a,b 0.003 
17:0 1.25±0.03b 1.28±0.04a,b 1.32±0.03a 1.31±0.04a 1.28±0.04a,b 1.19±0.04c <0.001 
17:1 0.78±0.02c 0.81±0.02b,c 0.87±0.02a 0.82±0.02b 0.80±0.02b,c 0.79±0.02b,c <0.001 
18:0 14.15±0.15a 13.48±0.17b 12.79±0.15c 14.16±0.16a 13.66±0.16b 13.44±0.16b <0.001 
18:1 34.76±0.35b,c 34.77±0.38a,b,c 34.31±0.35c 35.35±0.35a,b 34.22±0.35c 35.51±0.36a <0.001 
18:1 t11 5.09±0.56b,c 5.39±0.57b 5.94±0.56a 4.76±0.56d 4.96±0.56 5.23±0.56b,c <0.001 
18:1 c11 1.11±0.06b 1.17±0.06a 1.21±0.06a 1.10±0.06b 1.10±0.06b 1.21±0.06a <0.001 
18:2 3.61±0.10c 3.71±0.11c 4.03±0.10a,b 3.79±0.10c 3.82±0.10b,c 4.19±0.10a <0.001 
CLA c9,t11 0.40±0.01a 0.36±0.02b,c 0.39±0.01a 0.36±0.01b,c 0.36±0.01c 0.39±0.01a,b 0.005 
18:3 n3 0.22±0.01a,b 0.24±0.02a 0.24±0.01a 0.23±0.01a 0.21±0.01a,b 0.19±0.01b 0.038 
20:3 n6 0.21±0.01b 0.21±0.01b 0.22±0.01b 0.21±0.01b 0.21±0.01b 0.23±0.01a <0.001 
20:4 n6 0.83±0.03b 0.81±0.03b 0.83±0.03b 0.82±0.03b 0.79±0.03b 0.89±0.03a <0.001 
20:5 n3 0.07±0.01 0.07±0.01 0.07±0.01 0.08±0.01 0.07±0.01 0.07±0.01 0.233 
22:4 n6 0.11±0.01 0.11±0.01 0.12±0.01 0.11±0.01 0.11±0.01 0.12±0.01 0.073 
22:5 n3 0.21±0.01b,c 0.20±0.01c 0.20±0.01c 0.21±0.01a,b 0.20±0.01b,c 0.22±0.01a 0.013 
22:6 0.033±0.002a 0.027±0.002c 0.026±0.002c 0.032±0.002a,b 0.029±0.002b,c 0.028±0.002b,c 0.004 
SFA4 48.23±0.28a,b 47.78±0.30b 47.02±0.28c 48.01±0.28b 48.71±0.28a 46.51±0.29c <0.001 
   
 
95
 
Breed 
Item 
Hereford Angus Brangus Beefmaster Bonsmara Romosinuano 
p-value2 
MUFA5 46.06±0.33b 46.49±0.35a,b 46.86±0.33a 46.15±0.33b 45.49±0.33c 47.15±0.34a <0.001 
PUFA6 5.29±0.13c 5.37±0.14c 5.73±0.13a,b 5.48±0.13b,c 5.44±0.13c 5.95±0.13a <0.001 
∆
9
-desaturase (C14) index7 18.73±0.47b,c 18.36±0.53b,c 20.78±0.47a 17.42±0.48d 17.53±0.48c,d 19.04±0.50b <0.001 
∆
9
-desaturase (C16) index8 16.39±0.28c 16.81±0.31b,c 17.38±0.29a,b 16.18±0.29c 16.38±0.29c 17.75±0.29a <0.001 
∆
9
-desaturase (C18) index9 247.80±3.90d 259.89±4.29b,c 271.31±3.90a 252.24±3.97c,d 253.29±3.97c,d 266.14±4.07a,b <0.001 
Elongase index10 49.19±0.84a 46.67±0.90b,c 44.80±0.83c 50.10±0.85a 46.80±0.85c 48.49±0.87a,b <0.001 
IA11 0.83±0.01b 0.83±0.02b 0.83±0.01b 0.83±0.01b 0.89±0.01a 0.79±0.02c <0.001 
a-dValues in the same row with different superscripts differ at P≤ 0.05 
1Traits are expressed as least square means ± SE.  
2Obtained from ANOVA.  
3Fatty acid values are g/100 g of total fatty acids.  
4Satureated fatty acids, calculated as C14:0 + C15:0 + C16:0 + C17:0 + C18:0  
5Mounsaturated fatty acids, calculated as C14:1 + C16:1 + C17:1 + C18:1 + C18:1 t11 + C18:1 c11 
6Polyunsaturated fatty acids, calculated as C18:2 + C18:3 + C20:3 + C20:4 + C20:5 + C22:4 + C22:5 + C22:6 
7Calculated as C14:1*100/C14:0 
8Calculated as (C16:1+C18:1c11)*100/C16:0 
9Calculated as C18:1*100/C18:0 
10Calculated as C16:0/C18:0 
11Index of atherogenicity, calculated as (4×14:0 + 16:0)/(ΣMUFA + ΣPUFA + CLA).  
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Table 6. Residual correlation coefficientsa between the contents of major fatty acids in 
triacylglycerols (TAG) of LM from cross-bred steers 
 
 14:0 16:0 18:0 18:1 n-9 SFA 
16:0 0.78     
18:0 -0.38 -0.26    
18:1 n-9 -0.70 -0.68 -   
18:2 n-6 -0.22 -0.17 -0.15 -0.26  
SFA 0.61 0.79 0.35 -0.74  
MUFA -0.62 -0.77 -0.33 0.80 -0.98 
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Table 7. Residual correlation coefficientsa between the contents of major fatty acids in 
phospholipids (PL) of LM from cross-bred steers 
 
 16:0 18:0 18:1 n-9 18:2 n-9 20:4 n-9 SFA MUFA 
18:0 0.27       
18:1 n-9 0.28 0.12      
18:2 n-6 -0.45 -0.28 -0.91     
20:4 n-9 -0.61 -0.39 -0.41 0.40    
SFA 0.83 0.63 0.24 -0.47 -0.68   
MUFA 0.31 0.16 0.97 -0.92 -0.49 0.27  
PUFA -0.61 -0.40 -0.87 0.93 0.68 -0.66 -0.91 
 
98 
  
 
Table 8. Residual correlation coefficientsa between the contents of major fatty acids in 
total lipids of LM from cross-bred steers 
 
 14:0 16:0 18:0 18:1 n-9 SFA MUFA 
16:0 0.77      
18:0 -0.36 -0.23     
18:1 n-9 -0.67 -0.61 -    
SFA 0.61 0.79 0.37 0.64   
MUFA -0.60 -0.73 -0.28 0.82 -0.89  
PUFA - -0.21 -0.23 0.31 -0.31 -0.15 
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GENERAL SUMMARY 
 
Summaries of the results 
In the current studies, I investigated the effects of genetic factors, such as single 
nucleotide polymorphisms (SNPs) and breed, on the healthfulness of beef fatty acid 
composition.  
A few previous studies have identified SNPs in stearoyl-CoA desaturease (SCD) that 
are associated with the content of monounsaturated fatty acids (MUFA) in muscle lipids of 
beef cattle (Taniguchi et al., 2004), as well as SNPs in fatty acid synthase (FASN) that 
affect the myristic acid (C14:0) content in cow milk fat and subcutaneous adipose tissue of 
cattle (Morris et al., 2007). We focused on two candidate genes: FASN and acetyl-CoA 
carboxylase (ACC)-α. Three novel SNPs, AF285607:g.17924A>G, g.18663T>C, and 
g.18727C>T, were identified in the exons of thioesterase (TE) gene of FASN, but 
g.17924A>G has been also identified by Morris et al. (2007). Polymorphism g.17924A>G 
results in an amino acid change from threonine to alanine, whereas the other two SNPs are 
silent mutations. Allele frequency calculation revealed that the T allele in SNP 
g.18727C>T was rare in the cattle I studied; therefore, only the effects of g.17924A>G and 
g.18663T>C on beef fatty acid composition were investigated.  
Purebred Angus bulls (n = 331) were classified into three genotype groups, AA (n = 
121), AG (n = 168), and GG (n = 42), as based on SNP g.17924A>G in TE. The 
g.17924A>G genotype was associated significantly with the fatty acid composition of 
triacylglycerols (TAG), phospholipids (PL), and total lipids extracted from longissimus 
dorsi muscle (LM) of Angus cattle. Cattle with genotype GG had greater contents of oleic 
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acid (C18:1) and total MUFA in PL than did cattle with genotype AA. In TAG, the 
contents of C14:0, palmitic acid (C16:0), and total saturated fatty acid (SFA) were lower, 
whereas the percentages of C18:1 and total MUFA and the value of health index were 
greater in cattle with genotype GG than those in cattle with genotype AA. The effects of 
the g.17924A>G genotype on fatty acid composition of total lipids were similar as those in 
TAG. The effects of the allele G were additive. The number of G alleles was correlated 
positively with contents of 18:1 and MUFA in PL, TAG, and total lipids, and correlated 
negatively with content of total polyunsaturated fatty acids (PUFA) in PL, as well as 
percentages of C14:0, C16:0, and SFA in TAG and total lipids. Because of the strong 
linkage disequilibrium between SNPs g.17924A>G and g.18663T>C, similar significant 
associations of fatty acid contents with the g.18663T>C genotypes were observed. 
Transcription of bovine ACC-α can be initiated from 3 different promoters, promoter I 
(PI), promoter II (PII), and promoter III (Mao et al., 2001). We investigated SNPs in PI 
because of its role in fatty acid synthesis in lipogenic tissues. Eight novel SNPs were 
identified in PI of ACC-α, which are AJ276223:g.2064T>A (SNP1), g.2155C>T (SNP2), 
g.1338G>T (SNP3), g.2268T>C (SNP4), g.2274G>A (SNP5), g.2340A>G (SNP6), 
g.2350T>C (SNP7), and g.2370A>G (SNP8). However, none of these SNPs interrupts any 
transcriptional factor binding sites. Complete linkage disequilibrium was observed among 
SNPs 1, 2, 4, 5, 6, and 8. Two 6-locus haplotypes, therefore, were defined by these 6 
SNPs, which were TCTGAA and ATCAGG. The associations of genotypes of SNP1, 
SNP3, and SNP7, respectively, with the beef fatty acid composition and lipid content then 
were investigated. No significant associations were detected between any SNP genotypes 
and the concentrations of major fatty acids in triacylglycerols (TAG), phospholipids (PL), 
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and total lipid extracted from LM of 574 cross-bred beef cattle. The lipid content of beef, 
however, was associated significantly with the genotype of SNP7. A negative correlation 
was observed between the number of C alleles at SNP7 and the total lipid content of beef.  
We also investigated the effects of sire breed on fatty acid composition of TAG, PL, and 
total lipids extracted from LM of beef cattle fed the same diet, which included Bonsmara, 
a tropically adapted breed from South Africa that has been strictly bred and selected, 
Romosinuano, a tropically adapted beef breed indigenous to Colombia, and common beef 
breeds in the United States, such as Hereford, Angus, Brangus, and Beefmaster. The sire 
breed significantly affected the TAG, PL, and total lipids content in LM. Angus-sired 
steers had the greatest content of total lipid in LM, which was attributed mainly to its 
greater content of TAG in LM. Significant sire breed effects were observed for the 
concentration of each individual fatty acid in TAG of LM and the value of several indices. 
The contents of fatty acid in PL were less influenced by sire breed than those in TAG. 
Because more than 90% of the lipids in LM were TAG, the effects of sire breed on fatty 
acid composition of total lipids were similar as that of TAG. Bonsmara-sired cattle had the 
greatest index of atherogenicity (IA) in total lipids extracted from LM, whereas 
Romosinuano-sire cattle had the lowest IA. Very high negative correlation (r = -0.98) was 
observed between the total SFA and MUFA in TAG, whereas great negative correlation (r 
= -0.91) was observed between the content of total MUFA and total PUFA in PL.  
 
General conclusions 
Two SNPs, AF285607:g.17924A>G and g.18663T>C, which were associated 
significantly with fatty acid composition of pure-bred Angus cattle, were identified in TE 
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domain of FASN. Cattle with genotype GG at SNP 17924A>G had greater contents of 
18:1 and MUFA in PL, TAG, and total lipids and lower concentrations of atherogenic fatty 
acids, such as 14:0 and 16:0, and total SFA in TAG and total lipids from LM. Similarly, 
cattle with genotype CC at SNP g.18663T>C had greater contents of 18:1 and MUFA in 
PL, TAG, and total lipids and lower content of atherogenic 14:0 in TAG and total lipids. 
The two SNPs, therefore, could be used as genetic markers to select breeding stock that 
have a healthier fatty acid composition.  
Eight novel SNPs were identified in PI of ACC-α. The genotype of SNP AJ276223: 
g.2350T>C was associated significantly with the lipids content in LM of cross-bred beef 
cattle. No significant association, however, was identified between the SNP genotype and 
the concentrations of major fatty acids in TAG, PL, and total lipid from LM. This SNP 
could be used as a genetic marker to select beef cattle with greater lipid content for 
palatability without detriment to the healthfulness of fatty acid composition.  
Six sire breeds, including Bonsmara, a tropically adapted breed from South Africa that 
has been strictly bred and selected, Romosinuano, a tropically adapted beef breed 
indigenous to Colombia, and common beef breeds in the United States, such as Hereford, 
Angus, Brangus, and Beefmaster, were investigated for their influences on beef fatty acid 
composition. Sire breeds significantly affected the concentration of each fatty acid and the 
value of several indices in TAG and total lipids of LM. Bonsmara-sired cattle had the 
greatest 14:0 content and the highest value of IA, whereas Romosinuano-sired cattle had 
the lowest IA. No significant differences in IA were observed between the progeny from 
the other four sire breeds.  
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Future work 
1. Indentify more SNPs in candidate genes. 
More candidate genes should be investigated to identify SNPs that may affect beef fatty 
acid composition. I have investigated only the PI region of ACC-α, and research should 
continue on the exons. To date, the bovine ACC-α gene sequence is not available. The 
mRNA of bovine ACC-α, however, has been sequenced and is 7381 base pair long. The 
cDNA sequence of ACC-1 can be blasted with bovine genomic DNA sequence to locate 
the introns and exons and then design primers to amplify the exons for sequencing. There 
are two categories of other possible candidate genes. One includes enzymes that are 
involved in fatty acid modification or TAG synthesis, such as elongases and glycerol-3-
phosphate acyltransferase. The other one includes transcriptional factors that regulate fatty 
acid synthesis, such as sterol regulatory element-binding protein 1 (SREBP1)-c, upstream 
stimulatory factor (USF), stimulatory protein 1 (Sp1), and nuclear factor (NF)-Y. To 
identify SNPs that are associated with fatty acid composition of milk fat, we could focus 
on the malonyl/acetyl transferase (MT/AT) domain in FASN because it is responsible in 
releasing short- and medium-chain fatty acids from FASN. The PIII of ACC-α plays an 
important role in bovine lactating mammary gland, which also might be a good candidate 
for milk fatty acid composition. 
 
2. Test the association of SNPs with fatty acid composition  
My colleagues and I have obtained a large dataset of beef fatty acid composition. We 
need to obtain a large data set for milk fatty acid composition. Large number of cattle from 
which we have obtained, or will obtain, phenotypic data will be genotyped for the SNPs 
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identified in candidate genes from a small set of animals. The association of genotype or 
haplotype with phenotypic data will be analyzed. To carry out the correct statistical 
analysis, model selection will be performed to decide which factors should be included to 
test the effect of genotypes on fatty acid composition.  
 
3. Investigate the mechanisms of how SNPs affect the phenotype.  
Only the SNPs that result in an amino acid change and are associated significantly with 
phenotypic data will be investigated. The proteins that differ in one or more amino acids 
will be predicted by these coding SNPs. If the protein is an enzyme, two strategies will be 
carried out to gain insight into the effects of these mutations on the characterization of 
proteins. (1) The enzymes will be expressed in Escherichia coli and then purified. The 
substrate specificity and kinetic properties of the proteins and their mutants will be 
analyzed and compared. (2) The proteins will be overexpressed in 3T3 L1 pre-adipocytes. 
The fatty acid composition of the tissue culture then will be assayed to investigate the 
effects of amino acid change in these proteins on fatty acid biosynthesis. If the protein is a 
transcriptional factor, the secondary strategy will be used.   
 
105 
  
 
LITERATURE CITED 
 
Anderson, S. M., M. C. Rudolph, J. L. McManaman, and M. C. Neville. 2007. Key stages 
in mammary gland development. Secretory activation in the mammary gland: It's 
not just about milk protein synthesis! Breast Cancer Res 9: 204. 
Aoki, H., K. Kimura, K. Igarashi, and A. Takenaka. 2006. Soy protein suppresses gene 
expression of acetyl-coa carboxylase alpha from promoter pi in rat liver. Biosci 
Biotechnol Biochem 70: 843-849. 
Awan, M. M., and E. D. Saggerson. 1993. Malonyl-coa metabolism in cardiac myocytes 
and its relevance to the control of fatty acid oxidation. Biochem J 295 ( Pt 1): 61-
66. 
Bailey, C. M., C. L. Probert, and V. R. Bohman. 1966. Growth rate, feed utilization and 
body composition of young bulls and steers. J Anim Sci 25: 132-137. 
Barber, M. C., and M. T. Travers. 1998. Elucidation of a promoter activity that directs the 
expression of acetyl-coa carboxylase alpha with an alternative n-terminus in a 
tissue-restricted fashion. Biochem J 333 ( Pt 1): 17-25. 
Barber, M. C., A. J. Vallance, H. T. Kennedy, and M. T. Travers. 2003. Induction of 
transcripts derived from promoter iii of the acetyl-coa carboxylase-alpha gene in 
mammary gland is associated with recruitment of srebp-1 to a region of the 
proximal promoter defined by a dnase i hypersensitive site. Biochem J 375: 489-
501. 
106 
  
 
Barton, L., M. Marounek, V. Kudrna, D. Bures, and R. Zahradkova. 2007. Growth 
performance and fatty acid profiles of intramuscular and subcutaneous fat from 
limousin and charolais heifers fed extruded linseed. Meat Sci. 76: 517-523. 
Bauchart, D., D. Gruffat, and D. Durand. 1996. Lipid absorption and hepatic metabolism 
in ruminants. Proc Nutr Soc 55: 39-47. 
Bianchi, A., J. L. Evans, A. J. Iverson, A. C. Nordlund, T. D. Watts, and L. A. Witters. 
1990. Identification of an isozymic form of acetyl-coa carboxylase. J Biol Chem 
265: 1502-1509. 
Bonanome, A., and S. M. Grundy. 1988. Effect of dietary stearic acid on plasma 
cholesterol and lipoprotein levels. N Engl J Med 318: 1244-1248. 
Breckenridge, W. C., and A. Kuksis. 1967. Molecular weight distributions of milk fat 
triglycerides from seven species. J Lipid Res 8: 473-478. 
Bronte-Stewart, B., A. Antonis, L. Eales, and J. F. Brock. 1956. Effects of feeding 
different fats on serum-cholesterol level. Lancet 270: 521-526. 
Chakravarty, B., Z. Gu, S. S. Chirala, S. J. Wakil, and F. A. Quiocho. 2004. Human fatty 
acid synthase: Structure and substrate selectivity of the thioesterase domain. Proc 
Natl Acad Sci U S A 101: 15567-15572. 
Chirala, S. S., W. Y. Huang, A. Jayakumar, K. Sakai, and S. J. Wakil. 1997. Animal fatty 
acid synthase: Functional mapping and cloning and expression of the domain i 
constituent activities. Proc Natl Acad Sci U S A 94: 5588-5593. 
Chirala, S. S., A. Jayakumar, Z. W. Gu, and S. J. Wakil. 2001. Human fatty acid synthase: 
Role of interdomain in the formation of catalytically active synthase dimer. Proc 
Natl Acad Sci U S A 98: 3104-3108. 
107 
  
 
Choi, C. S., D. B. Savage, L. Abu-Elheiga, Z. X. Liu, S. Kim, A. Kulkarni, A. Distefano, 
Y. J. Hwang, R. M. Reznick, R. Codella, D. Zhang, G. W. Cline, S. J. Wakil, and 
G. I. Shulman. 2007. Continuous fat oxidation in acetyl coa carboxylase 2 
knockout mice increases total energy expenditure, reduces fat mass, and improves 
insulin sensitivity. Proc Natl Acad Sci U S A 104: 16480-16485. 
Cunningham, D. C., L. Y. Harrison, and T. D. Shultz. 1997. Proliferative responses of 
normal human mammary and mcf-7 breast cancer cells to linoleic acid, conjugated 
linoleic acid and eicosanoid synthesis inhibitors in culture. Anticancer Res 17: 197-
203. 
Cuvelier, C., A. Clinquart, J. F. Hocquette, J. F. Cabaraux, I. Dufrasne, L. Istasse, and J. L. 
Hornick. 2006. Comparison of composition and quality traits of meat from young 
finishing bulls from belgian blue, limousin and aberdeen angus breeds. Meat Sci. 
74: 522-531. 
Eichhorn, J. M., L. J. Coleman, E. J. Wakayama, G. J. Blomquist, C. M. Bailey, and T. G. 
Jenkins. 1986. Effects of breed type and restricted versus ad libitum feeding on 
fatty acid composition and cholesterol content of muscle and adipose tissue from 
mature bovine females. J Anim Sci 63: 781-794. 
Elías Callesa, J. A., C. T. Gaskins, J. R. Busbooma, K. SDuckettb, J. D. Cronratha, and J. 
J. Reevesa. 2000. Sire variation in fatty acid composition of crossbred wagyu steers 
and heifers. Meat Sci. 56: 23-29. 
Fleischmann, M., and P. B. Iynedjian. 2000. Regulation of sterol regulatory-element 
binding protein 1 gene expression in liver: Role of insulin and protein kinase 
b/cakt. Biochem J 349: 13-17. 
108 
  
 
Foufelle, F., B. Gouhot, D. Perdereau, J. Girard, and P. Ferre. 1994. Regulation of 
lipogenic enzyme and phosphoenolpyruvate carboxykinase gene expression in 
cultured white adipose tissue. Glucose and insulin effects are antagonized by camp. 
Eur J Biochem 223: 893-900. 
French, P., C. Stanton, F. Lawless, E. G. O'Riordan, F. J. Monahan, P. J. Caffrey, and A. 
P. Moloney. 2000. Fatty acid composition, including conjugated linoleic acid, of 
intramuscular fat from steers offered grazed grass, grass silage, or concentrate-
based diets. J Anim Sci 78: 2849-2855. 
Gavino, V. C., G. Gavino, M. J. Leblanc, and B. Tuchweber. 2000. An isomeric mixture of 
conjugated linoleic acids but not pure cis-9, trans-11-octadecadienoic acid affects 
body weight gain and plasma lipids in hamsters. J Nutr 130: 27-29. 
Geay, Y., D. Bauchart, J. F. Hocquette, and J. Culioli. 2001. Effect of nutritional factors on 
biochemical, structural and metabolic characteristics of muscles in ruminants, 
consequences on dietetic value and sensorial qualities of meat. Reprod Nutr Dev 
41: 1-26. 
Griffin, M. J., R. H. Wong, N. Pandya, and H. S. Sul. 2007. Direct interaction between usf 
and srebp-1c mediates synergistic activation of the fatty-acid synthase promoter. J 
Biol Chem 282: 5453-5467. 
Grunnet, I., and J. Knudsen. 1979. Fatty-acid synthesis in lactating-goat mammary gland. 
1. Medium-chain fatty-acid synthesis. Eur J Biochem 95: 497-502. 
Grunnet, I., and J. Knudsen. 1983. Medium-chain fatty acid synthesis by goat mammary-
gland fatty acid synthetase. The effect of limited proteolysis. Bichem. J. 209: 215-
222. 
109 
  
 
Ha, J., S. Daniel, S. S. Broyles, and K. H. Kim. 1994. Critical phosphorylation sites for 
acetyl-coa carboxylase activity. J Biol Chem 269: 22162-22168. 
Hansen, J. K., and J. Knudsen. 1980. Transacylation as a chain-termination mechanism in 
fatty acid synthesis by mammalian fatty acid synthetase. Synthesis of butyrate and 
hexanoate by lactating cow mammary gland fatty acid synthetase. Bichem. J. 186: 
287-294. 
Haystead, T. A., and D. G. Hardie. 1988. Insulin and phorbol ester stimulate 
phosphorylation of acetyl-coa carboxylase at similar sites in isolated adipocytes. 
Lack of correspondence with sites phosphorylated on the purified enzyme by 
protein kinase c. Eur J Biochem 175: 339-345. 
Hegsted, D. M., A. Gotsis, F. J. Stare, and J. Worcester. 1959. Interrelations between the 
kind and amount of dietary fat and dietary cholesterol in experimental 
hypercholesterolemia. Am J Clin Nutr 7: 5-12. 
Hegsted, D. M., R. B. McGandy, M. L. Myers, and F. J. Stare. 1965. Quantitative effects 
of dietary fat on serum cholesterol in man. Am J Clin Nutr 17: 281-295. 
Holland, R., D. G. Hardie, R. A. Clegg, and V. A. Zammit. 1985. Evidence that glucagon-
mediated inhibition of acetyl-coa carboxylase in isolated adipocytes involves 
increased phosphorylation of the enzyme by cyclic amp-dependent protein kinase. 
Biochem J 226: 139-145. 
Hood, R. L., and E. Allen. 1971. Influence of sex and postmortem aging on intramuscular 
and subscutaneous bovine lipids. J. Food Sci. 36: 786-790. 
Hristov, A. N., L. R. Kennington, M. A. McGuire, and C. W. Hunt. 2005. Effect of diets 
containing linoleic acid- or oleic acid-rich oils on ruminal fermentation and 
110 
  
 
nutrient digestibility, and performance and fatty acid composition of adipose and 
muscle tissues of finishing cattle. J Anim Sci 83: 1312-1321. 
Ip, C., J. A. Scimeca, and H. Thompson. 1995. Effect of timing and duration of dietary 
conjugated linoleic acid on mammary cancer prevention. Nutr Cancer 24: 241-247. 
Jamil, H., and N. B. Madsen. 1987. Phosphorylation state of acetyl-coenzyme a 
carboxylase. I. Linear inverse relationship to activity ratios at different citrate 
concentrations. J Biol Chem 262: 630-637. 
Joshi, A. K., and S. Smith. 1993. Construction, expression, and characterization of a 
mutated animal fatty acid synthase deficient in the dehydrase function. J Biol 
Chem 268: 22508-22513. 
Jump, D. B., S. D. Clarke, A. Thelen, and M. Liimatta. 1994. Coordinate regulation of 
glycolytic and lipogenic gene expression by polyunsaturated fatty acids. J Lipid 
Res 35: 1076-1084. 
Keating, A. F., C. Stanton, J. J. Murphy, T. J. Smith, R. P. Ross, and M. T. Cairns. 2005. 
Isolation and characterization of the bovine stearoyl-coadesaturase promoter and 
analysis of polymorphisms in the promoter region in dairy cows. Mamm Genome 
16: 184-193. 
Keys, A., F. Grande, and J. T. Anderson. 1974. Bias and misrepresentation revisited: 
"Perspective" On saturated fat. Am J Clin Nutr 27: 188-212. 
Keys, A., O. Mickelsen, E. O. Miller, and C. B. Chapman. 1950. The relation in man 
between cholesterol levels in the diet and in the blood. Science 112: 79-81. 
111 
  
 
Kim, J. B., P. Sarraf, M. Wright, K. M. Yao, E. Mueller, G. Solanes, B. B. Lowell, and B. 
M. Spiegelman. 1998. Nutritional and insulin regulation of fatty acid synthetase 
and leptin gene expression through add1/srebp1. J Clin Invest 101: 1-9. 
Kim, K. H. 1997. Regulation of mammalian acetyl-coenzyme a carboxylase. Annu Rev 
Nutr 17: 77-99. 
Kim, T. S., P. Leahy, and H. C. Freake. 1996. Promoter usage determines tissue specific 
responsiveness of the rat acetyl-coa carboxylase gene. Biochem Biophys Res 
Commun 225: 647-653. 
Knudsen, J., S. Clark, and R. Dils. 1976. Purification and some properties of a medium-
chain acyl-thioester hydrolase from lactating-rabbit mammary gland which 
terminates chain elongation in fatty acid synthesis. Bichem. J. 160: 683-691. 
Knudsen, J., and I. Grunnet. Transacylation as a chain-termination mechanism in fatty acid 
synthesis by mammalian fatty acid synthetase. Synthesis of medium-chain-length 
(c8-c12) acyl-coa esters by goat mammary-gland fatty acid synthetase. Bichem. J. 
202: 139-143. 
Koo, S. H., and H. C. Towle. 2000. Glucose regulation of mouse s(14) gene expression in 
hepatocytes. Involvement of a novel transcription factor complex. J Biol Chem 
275: 5200-5207. 
Kusakabe, T., M. Maeda, N. Hoshi, T. Sugino, K. Watanabe, T. Fukuda, and T. Suzuki. 
2000. Fatty acid synthase is expressed mainly in adult hormone-sensitive cells or 
cells with high lipid metabolism and in proliferating fetal cells. J Histochem 
Cytochem 48: 613-622. 
112 
  
 
Laborde, F. L., I. B. Mandell, J. J. Tosh, J. W. Wilton, and J. G. Buchanan-Smith. 2001. 
Breed effects on growth performance, carcass characteristics, fatty acid 
composition, and palatability attributes in finishing steers. J Anim Sci 79: 355-365. 
Lee, K. H., and K. H. Kim. 1979. Stimulation by epinephrine of in vivo phosphorylation 
and inactivation of acetyl coenzyme a carboxylase of rat epididymal adipose tissue. 
J Biol Chem 254: 1450-1453. 
Lee, K. N., D. Kritchevsky, and M. W. Pariza. 1994. Conjugated linoleic acid and 
atherosclerosis in rabbits. Atherosclerosis 108: 19-25. 
Libertini, L. J., and S. Smith. 1978. Purification and properties of a thioesterase from 
lactating rat mammary gland which modifies the product specificity of fatty acid 
synthetase. J Biol Chem 253: 1393-1401. 
Lin, C. Y., and S. Smith. 1978. Properties of the thioesterase component obtained by 
limited trypsinization of the fatty acid synthetase multienzyme complex. J Biol 
Chem 253: 1954-1962. 
Liu, Z., K. S. Thompson, and H. C. Towle. 1993. Carbohydrate regulation of the rat l-type 
pyruvate kinase gene requires two nuclear factors: Lf-a1 and a member of the c-
myc family. J Biol Chem 268: 12787-12795. 
Lopez-Casillas, F., and K. H. Kim. 1989. Heterogeneity at the 5' end of rat acetyl-
coenzyme a carboxylase mrna. Lipogenic conditions enhance synthesis of a unique 
mrna in liver. J Biol Chem 264: 7176-7184. 
Lopez-Casillas, F., M. V. Ponce-Castaneda, and K. H. Kim. 1991. In vivo regulation of the 
activity of the two promoters of the rat acetyl coenzyme-a carboxylase gene. 
Endocrinology 129: 1049-1058. 
113 
  
 
Luo, X. C., K. Park, F. Lopez-Casillas, and K. H. Kim. 1989. Structural features of the 
acetyl-coa carboxylase gene: Mechanisms for the generation of mrnas with 5' end 
heterogeneity. Proc Natl Acad Sci U S A 86: 4042-4046. 
Mabrouk, G. M., I. M. Helmy, K. G. Thampy, and S. J. Wakil. 1990. Acute hormonal 
control of acetyl-coa carboxylase. The roles of insulin, glucagon, and epinephrine. 
J Biol Chem 265: 6330-6338. 
Malau-Aduli, A. E., B. D. Siebert, C. D. Bottema, and W. S. Pitchford. 1998. Breed 
comparison of the fatty acid composition of muscle phospholipids in jersey and 
limousin cattle. J Anim Sci 76: 766-773. 
Mao, J., S. Marcos, S. K. Davis, J. Burzlaff, and H. M. Seyfert. 2001. Genomic 
distribution of three promoters of the bovine gene encoding acetyl-coa carboxylase 
alpha and evidence that the nutritionally regulated promoter i contains a repressive 
element different from that in rat. Biochem J 358: 127-135. 
Mao, J., A. J. Molenaar, T. T. Wheeler, and H. M. Seyfert. 2002. Stat5 binding contributes 
to lactational stimulation of promoter iii expressing the bovine acetyl-coa 
carboxylase alpha-encoding gene in the mammary gland. J Mol Endocrinol 29: 73-
88. 
Mao, J., and H. M. Seyfert. 2002. Promoter ii of the bovine acetyl-coenzyme a 
carboxylase-alpha-encoding gene is widely expressed and strongly active in 
different cells. Biochim Biophys Acta 1576: 324-329. 
May, S. G., C. A. Sturdivant, D. K. Lunt, R. K. Miller, and S. B. Smith. 1993. Comparison 
of sensory characteristics and fatty acid composition between wagyu crossbred and 
angus steers. Meat Sci. 35: 289-298. 
114 
  
 
McGandy, R. B., D. M. Hegsted, and M. L. Myers. 1970. Use of semisynthetic fats in 
determining effects of specific dietary fatty acids on serum lipids in man. Am J 
Clin Nutr 23: 1288-1298. 
Menendez, J. A., and R. Lupu. 2007. Fatty acid synthase and the lipogenic phenotype in 
cancer pathogenesis. Nat Rev Cancer 7: 763-777. 
Michell, B. J., D. Stapleton, K. I. Mitchelhill, C. M. House, F. Katsis, L. A. Witters, and B. 
E. Kemp. 1996. Isoform-specific purification and substrate specificity of the 5'-
amp-activated protein kinase. J Biol Chem 271: 28445-28450. 
Mikkelsen, J., P. Højrup, H. F. Hansen, J. K. Hansen, and J. Knudsen. 1985. Evidence that 
the medium-chain acyltransferase of lactating-goat mammary-gland fatty acid 
synthetase is identical with the acetyl/malonyltransferase Bichem. J. 227: 981-985. 
Morris, C. A., N. G. Cullen, B. C. Glass, D. L. Hyndman, T. R. Manley, S. M. Hickey, J. 
C. McEwan, W. S. Pitchford, C. D. Bottema, and M. A. Lee. 2007. Fatty acid 
synthase effects on bovine adipose fat and milk fat. Mamm Genome 18: 64-74. 
Munday, M. R., D. G. Campbell, D. Carling, and D. G. Hardie. 1988. Identification by 
amino acid sequencing of three major regulatory phosphorylation sites on rat 
acetyl-coa carboxylase. Eur J Biochem 175: 331-338. 
Nicolosi, R. J., E. J. Rogers, D. Kritchevsky, J. A. Scimeca, and P. J. Huth. 1997. Dietary 
conjugated linoleic acid reduces plasma lipoproteins and early aortic 
atherosclerosis in hypercholesterolemic hamsters. Artery 22: 266-277. 
Noci, F., F. J. Monahan, P. French, and A. P. Moloney. 2005. The fatty acid composition 
of muscle fat and subcutaneous adipose tissue of pasture-fed beef heifers: Influence 
of the duration of grazing. J Anim Sci 83: 1167-1178. 
115 
  
 
Noci, F., F. J. Monahan, N. D. Scollan, and A. P. Moloney. 2007. The fatty acid 
composition of muscle and adipose tissue of steers offered unwilted or wilted grass 
silage supplemented with sunflower oil and fishoil. Br J Nutr 97: 502-513. 
Nurnberg, K., J. Wegner, and K. Ender. 1998. Factors influencing fat composition in 
muscle and adipose tissue of farm animals. Livers. Prod. Sci. 56: 145-156. 
O'Callaghan, B. L., S. H. Koo, Y. Wu, H. C. Freake, and H. C. Towle. 2001. Glucose 
regulation of the acetyl-coa carboxylase promoter pi in rat hepatocytes. J Biol 
Chem 276: 16033-16039. 
Oka, A., F. Iwaki, T. Dohgo, S. Ohtagaki, M. Noda, T. Shiozaki, O. Endoh, and M. Ozaki. 
2002. Genetic effects on fatty acid composition of carcass fat of japanese black 
wagyu steers. J Anim Sci 80: 1005-1011. 
Ostrowska, E., M. Muralitharan, R. F. Cross, D. E. Bauman, and F. R. Dunshea. 1999. 
Dietary conjugated linoleic acids increase lean tissue and decrease fat deposition in 
growing pigs. J Nutr 129: 2037-2042. 
Park, Y., K. J. Albright, W. Liu, J. M. Storkson, M. E. Cook, and M. W. Pariza. 1997. 
Effect of conjugated linoleic acid on body composition in mice. Lipids 32: 853-
858. 
Pavan, E., and S. K. Duckett. 2007. Corn oil supplementation to steers grazing endophyte-
free tall fescue. Ii. Effects on longissimus muscle and subcutaneous adipose fatty 
acid composition and stearoyl-coa desaturase activity and expression. J Anim Sci 
85: 1731-1740. 
116 
  
 
Pazirandeh, M., S. S. Chirala, W. Y. Huang, and S. J. Wakil. 1989. Characterization of 
recombinant thioesterase and acyl carrier protein domains of chicken fatty acid 
synthase expressed in escherichia coli. J Biol Chem 264: 18195-18201. 
Perry, D., P. J. Nicholls, and J. M. Thompson. 1998. The effect of sire breed on the 
melting point and fatty acid composition of subcutaneous fat in steers. J Anim Sci 
76: 87-95. 
Pizer, E. S., R. J. Kurman, G. R. Pasternack, and F. P. Kuhajda. 1997. Expression of fatty 
acid synthase is closely linked to proliferation and stromal decidualization in 
cycling endometrium. Int J Gynecol Pathol 16: 45-51. 
Roy, R., L. Ordovas, P. Zaragoza, A. Romero, C. Moreno, J. Altarriba, and C. Rodellar. 
2006. Association of polymorphisms in the bovine fasn gene with milk-fat content. 
Anim Genet 37: 215-218. 
Rudel, L. L., J. S. Parks, and J. K. Sawyer. 1995. Compared with dietary monounsaturated 
and saturated fat, polyunsaturated fat protects african green monkeys from 
coronary artery atherosclerosis. Arterioscler Thromb Vasc Biol 15: 2101-2110. 
Ryder, E., C. Gregolin, H. C. Chang, and M. D. Lane. 1967. Liver acetyl coa carboxylase: 
Insight into the mechanism of activation by tricarboxylic acids and acetyl coa. Proc 
Natl Acad Sci U S A 57: 1455-1462. 
Saddik, M., J. Gamble, L. A. Witters, and G. D. Lopaschuk. 1993. Acetyl-coa carboxylase 
regulation of fatty acid oxidation in the heart. J Biol Chem 268: 25836-25845. 
Shih, H. M., Z. Liu, and H. C. Towle. 1995. Two cacgtg motifs with proper spacing dictate 
the carbohydrate regulation of hepatic gene transcription. J Biol Chem 270: 21991-
21997. 
117 
  
 
Shimano, H., N. Yahagi, M. Amemiya-Kudo, A. H. Hasty, J. Osuga, Y. Tamura, F. 
Shionoiri, Y. Iizuka, K. Ohashi, K. Harada, T. Gotoda, S. Ishibashi, and N. 
Yamada. 1999. Sterol regulatory element-binding protein-1 as a key transcription 
factor for nutritional induction of lipogenic enzyme genes. J Biol Chem 274: 
35832-35839. 
Smith, S., R. Watts, and R. Dils. 1968. Quantitative gas-liquid chromatographic analysis of 
rodent milk triglycerides. J Lipid Res 9: 52-57. 
Sul, H. S., and D. Wang. 1998. Nutritional and hormonal regulation of enzymes in fat 
synthesis: Studies of fatty acid synthase and mitochondrial glycerol-3-phosphate 
acyltransferase gene transcription. Annu Rev Nutr 18: 331-351. 
Swenson, T. L., and J. W. Porter. 1985. Mechanism of glucagon inhibition of liver acetyl-
coa carboxylase. Interrelationship of the effects of phosphorylation, polymer-
protomer transition, and citrate on enzyme activity. J Biol Chem 260: 3791-3797. 
Tae, H. J., X. Luo, and K. H. Kim. 1994. Roles of ccaat/enhancer-binding protein and its 
binding site on repression and derepression of acetyl-coa carboxylase gene. J Biol 
Chem 269: 10475-10484. 
Taniguchi, M., T. Utsugi, K. Oyama, H. Mannen, M. Kobayashi, Y. Tanabe, A. Ogino, 
and S. Tsuji. 2004. Genotype of stearoyl-coa desaturase is associated with fatty 
acid composition in japanese black cattle. Mamm Genome 15: 142-148. 
Teran-Garcia, M., A. A.W., G. Yu, C. RUFO, G. Suchankova, D. T. Dreesen, M. Tekle, S. 
D. Clarke, and T. W. Gettys. 2007. Polyunsaturated fatty acid suppression of fatty 
acid synthase (fasn): Evidence for dietary modulation of nf-y binding to the fasn 
promoter by srebp-1c. Bichem. J. 402: 591-600. 
118 
  
 
Thampy, K. G. 1989. Formation of malonyl coenzyme a in rat heart. Identification and 
purification of an isozyme of a carboxylase from rat heart. J Biol Chem 264: 
17631-17634. 
Travers, M. T., and M. C. Barber. 1999. Insulin-glucocorticoid interactions in the 
regulation of acetyl-coa carboxylase-alpha transcript diversity in ovine adipose 
tissue. J Mol Endocrinol 22: 71-79. 
Travers, M. T., A. J. Vallance, H. T. Gourlay, C. A. Gill, I. Klein, C. B. Bottema, and M. 
C. Barber. 2001. Promoter i of the ovine acetyl-coa carboxylase-alpha gene: An e-
box motif at -114 in the proximal promoter binds upstream stimulatory factor (usf)-
1 and usf-2 and acts as an insulin-response sequence in differentiating adipocytes. 
Biochem J 359: 273-284. 
Travers, M. T., R. G. Vernon, and M. C. Barber. 1997. Repression of the acetyl-coa 
carboxylase gene in ovine adipose tissue during lactation: The role of insulin 
responsiveness. J Mol Endocrinol 19: 99-107. 
Tsuzuki, T., Y. Tokuyama, M. Igarashi, and T. Miyazawa. 2004. Tumor growth 
suppression by alpha-eleostearic acid, a linolenic acid isomer with a conjugated 
triene system, via lipid peroxidation. Carcinogenesis 25: 1417-1425. 
Wakil, S. J. 1989. Fatty acid synthase, a proficient multifunctional enzyme. Biochemistry 
28: 4523-4530. 
Wakil, S. J., J. K. Stoops, and V. C. Joshi. 1983. Fatty acid synthesis and its regulation. 
Annu Rev Biochem 52: 537-579. 
119 
  
 
West, D. B., F. Y. Blohm, A. A. Truett, and J. P. DeLany. 2000. Conjugated linoleic acid 
persistently increases total energy expenditure in akr/j mice without increasing 
uncoupling protein gene expression. J Nutr 130: 2471-2477. 
Widmer, J., K. S. Fassihi, S. C. Schlichter, K. S. Wheeler, B. E. Crute, N. King, N. Nutile-
McMenemy, W. W. Noll, S. Daniel, J. Ha, K. H. Kim, and L. A. Witters. 1996. 
Identification of a second human acetyl-coa carboxylase gene. Biochem J 316 ( Pt 
3): 915-922. 
Wilson, M. D., W. L. Blake, L. M. Salati, and S. D. Clarke. 1990. Potency of 
polyunsaturated and saturated fats as short-term inhibitors of hepatic lipogenesis in 
rats. J Nutr 120: 544-552. 
Winz, R., D. Hess, R. Aebersold, and R. W. Brownsey. 1994. Unique structural features 
and differential phosphorylation of the 280-kda component (isozyme) of rat liver 
acetyl-coa carboxylase. J Biol Chem 269: 14438-14445. 
Witters, L. A., and B. E. Kemp. 1992. Insulin activation of acetyl-coa carboxylase 
accompanied by inhibition of the 5'-amp-activated protein kinase. J Biol Chem 
267: 2864-2867. 
Witters, L. A., J. P. Tipper, and G. W. Bacon. 1983. Stimulation of site-specific 
phosphorylation of acetyl coenzyme a carboxylase by insulin and epinephrine. J 
Biol Chem 258: 5643-5648. 
Woollett, L. A., D. K. Spady, and J. M. Dietschy. 1992. Saturated and unsaturated fatty 
acids independently regulate low density lipoprotein receptor activity and 
production rate. J Lipid Res 33: 77-88. 
120 
  
 
Xie, Y. R., J. R. Busboom, C. T. Gaskins, K. A. Johnson, J. J. Reeves, R. W. Wright, and 
J. D. Cronrath. 1996. Effects of breed and sire on carcass characteristics and fatty 
acid profiles of crossbred wagyu and angus steers. Meat Sci. 43: 167-177. 
Xu, J., M. T. Nakamura, H. P. Cho, and S. D. Clarke. 1999. Sterol regulatory element 
binding protein-1 expression is suppressed by dietary polyunsaturated fatty acids. 
A mechanism for the coordinate suppression of lipogenic genes by polyunsaturated 
fats. J Biol Chem 274: 23577-23583. 
Yu, S., J. Derr, T. D. Etherton, and P. M. Kris-Etherton. 1995. Plasma cholesterol-
predictive equations demonstrate that stearic acid is neutral and monounsaturated 
fatty acids are hypocholesterolemic. Am J Clin Nutr 61: 1129-1139. 
Zembayashi, M., K. Nishimura, D. K. Lunt, and S. B. Smith. 1995. Effect of breed type 
and sex on the fatty acid composition of subcutaneous and intramuscular lipids of 
finishing steers and heifers. J Anim Sci 73: 3325-3332. 
 
 
121 
  
 
APPENDIX 
 
THE ROLE OF DIETARY EGG AND SOY LECITHIN IN REGULATION OF 
PLASMA CHOLESTEROL CONCENTRATION IN GOLDEN SYRIAN 
HAMSTERS 
 
A manuscript to be submitted to Journal of Nutritional Biochemistry 
 
Shu Zhanga, Tong Wangb, Donald C. Beitza.c,* 
aDepartment of Biochemistry, Biophysics, and Molecular Biology, bDepartment of 
Food Science and Human Nutrition, cDepartment of Animal Science, Iowa State 
University, Ames, Iowa 50011, USA 
*Corresponding author. Tel.: +1 515 294 5626. Email address: dcbeitz@iastate.edu 
 
122 
  
 
Abstract 
 
Egg lecithin differs from soy lecithin in phospholipids profile and fatty acid 
composition.  The current study was designed to investigate whether egg lecithin and/or 
soy lecithin decrease the plasma cholesterol concentration in hamsters as a model for 
humans. Male golden Syrian hamsters were assigned randomly to eight dietary treatments 
(n=10 per treatment) that contained 0.12% (wt/wt) of cholesterol and varied amount of 
supplemented lipids for 4 weeks. The diet groups were: control with no supplemented 
lipid, 0.05%, 0.5%, and 5% (wt/wt) of egg lecithin or soy lecithin, respectively, and 5% 
(wt/wt) of soybean oil. Dietary soy lecithin decreased the plasma cholesterol concentration 
in a dosage- and time-dependent manner. The 5% soy lecithin treatment, but not 0.05 and 
0.5% soy lecithin, greatly decreased the final plasma total cholesterol compared with all 
other treatment groups (p<0.05). The cholesterol absorption measured on day 24, however, 
was lower in the control group compared with all other treatments (P<0.05), indicating that 
soy lecithin decreased the plasma cholesterol concentration, but not via decreasing the 
cholesterol absorption efficiency. In addition, dietary 5% soy lecithin decreased the 
hepatic cholesteryl ester and total lipid concentrations, and increased the daily bile acid 
secretion amount compared with all other treatments (p<0.05). The different effects of soy 
lecithin and soybean oil on plasma cholesterol and hepatic lipids contents suggest that the 
influences of soy lecithin were beyond its high content of polyunsaturated fatty acids 
(PUFA). Overall, dietary soy lecithin, but not egg lecithin, decreased the plasma 
cholesterol concentration, which might be attributed in part not only to its high content of 
PUFA but also to its effect in increasing fecal bile acid excretion. 
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1. Introduction 
 
It has long been recognized that blood cholesterol concentration is an important risk 
factor for development of atherosclerosis. Many studies have shown that soy lecithin, a 
phospholipids mixture extracted from soybean oil, as well as soy phosphatidylcholine 
(PC), have hypocholesterolemic properties in animals [1-3] and humans [4-6]. The 
underlying mechanism for the cholesterol lowering effect of soy lecithin, however, has not 
been well elucidated.  
Cholesterol homeostasis is determined by the balance of intestinal cholesterol 
absorption, endogenous cholesterol synthesis, and excretion of biliary sterols [7, 8]. A 
recent study showed that egg PC decreased, whereas soy PC increased, the lymphatic 
cholesterol absorption in rats, which might be attributed to the high content of saturated 
fatty acids (SFA) in egg PC [9]. This decrease of cholesterol absorption could further, in 
turn, result in decreased blood cholesterol concentration. To our knowledge, only a few 
studies have investigated the effects of egg lecithin or SFA-rich phospholipids (PL) on 
blood cholesterol concentration [10, 11], which, however, presented contradictory results.  
The soy lecithin used in the current study consists of three types of PL: PC, 
phosphatidylethanolamine (PE), and phosphotidylinositol (PI) with similar amount for 
each type. In contrast, egg lecithin contains PC and PE, with PC as the major component. 
The concentration of total unsaturated fatty acids is much greater in soy lecithin than in 
egg lecithin. The objective of this study was to test whether egg lecithin and/or soy lecithin 
decrease the plasma cholesterol concentration in hamsters as a model for human.  
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2. Materials and Methods 
 
2.1. Animals and diets.  
Male golden Syrian hamster (10 wks old, weighing ~100 g) purchased from Harlan 
(Indianapolis, IN) were housed individually in stainless steel suspended rodent cages. All 
animals were maintained in a temperature-controlled room (23°C) with a 12/12-h 
light/dark cycle. Hamsters were assigned randomly to eight dietary treatments (n = 10 per 
treatment) that contained 0.12% (wt/wt) of cholesterol and varied amount of supplemented 
lipids for 4 wks. The diet groups were: control with no supplemented lipid, 0.05%, 0.5%, 
and 5% (wt/wt) of egg lecithin or soy lecithin, respectively, and 5% (wt/wt) of soybean oil. 
The egg lecithin, which contains 95.0% phospholipids, 0.7% cholesterol, and 4.3% of 
neutral lipids, was extracted from fresh egg yolk and quantified as described previously 
[12]. The amount of cholesterol added to the egg lecithin group was corrected by the 
cholesterol amount in the supplemented egg lecithin so that the total cholesterol content in 
diet was 0.12%. The soy lecithin was purchased from Sigma Chemical (St. Louis, MO) 
and then purified by acetone wash as for egg lecithin. The PL profile of the two types of 
lecithin is shown in Table 1. The rodent chow was ground into powder by a mechanical 
blender. Cholesterol and supplemented lipids were added to the ground chow in minimal 
warm ethanol and hexane, respectively, and mixed homogeneously with the ground chow 
by hand. Ethanol and hexane were evaporated before feeding the hamsters.  
 
2.2. Fatty acid composition analysis.  
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The dietary lipids were methylated directly with acetyl chloride and methanol 
according to Lepage and Roy [13]. Fatty acid methyl esters (FAME) were quantified by a 
gas chromatograph (model 3400, Varian, Palo Alto, CA) equipped with a Supelco SP-
2560 fused silica capillary column (100 m × 0.25 mm i.d. × 0.2 µm film thickness) and a 
flame ionization detector. Helium was the carrier gas at a split ratio of 1: 30. The injector 
and detector were maintained at 220°C. A temperature-programmed procedure was used 
as described by Sehat et al.[14]. In brief, the column was operated at 70°C for 4 min, then 
was programmed to 175°C at 13°C/min, held there for 27 min, followed by a second 
temperature program to 215°C at 4°C/min, and held there for 27 min. The total running 
time was 76.69 min. Peaks of FAME were identified by comparing the retention time with 
the GLC standards purchased from Nu-chek-Prep, Inc (Elysian, MN). The fatty acid 
compositions were calculated using the peak areas and expressed as percentage of total 
fatty acids.  
 
2.3. Experimental design.  
Because of the limitation of housing, experiments were conducted in 3 consecutive 
periods as blocks with 24, 24, and 32 hamsters in the 3 blocks, respectively. Hamsters 
were provided free access to food and water through the entire experimental period and 
were allowed 1 wk of adaptation to the environment prior to the 4 wk of treatment.  
Hamsters were randomly assigned to the 8 treatments as a randomized complete block 
design. Body weight and food intake were recorded every other day. The initial and final 
weight was used to calculate the weight gain. The food intake is expressed as the average 
of measurements during the 4-wk study period. Blood samples were collected on day 0 
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and 14 of each study period from saphenous vein and on day 24 by cardiac puncture. Feces 
were collected for 4 d starting on day 2 and day 24 of the study, respectively. The 2 
collections of fecal samples were used to determine the cholesterol absorption efficiency. 
The second collection of feces was used to determine the fecal bile acids and neutral 
sterols.  
 
2.4. Plasma lipid and lipoprotein analysis.  
Blood samples were collected on 0, 14, and 28 of the study period. Plasma total 
cholesterol, HDL-cholesterol, and triacylglycerols (TAG) concentrations were determined 
enzymatically (Pointe Scientific, Inc., Canton, MI.). Non-HDL-cholesterol (VLDL + LDL) 
concentration was calculated by difference in concentration of total cholesterol and HDL-
cholesterol.   
 
2.5. Cholesterol absorption.  
Cholesterol absorption efficiency was measured at the beginning and by the end of the 
study [15]. Hamsters were given intragastrically 150 µl of medium-chain TAG (MCT) oil 
containing a mixture of 1 µCi of [14C] cholesterol and 2 µCi [3H] sitostanol, which were 
purchased from American Radiolabeled Chemicals (St. Louis, MO).  Feces were collected 
from day 2 or day 24 for the following 4 days, dried at 55 ºC for 3 days, and then finely 
ground. The weights of the dry fecal samples were recorded to calculate daily fecal output. 
Lipids were extracted from 0.5 g of the ground feces and 50 µl of the original dosing 
mixtures in duplicate by Folch’s method [16] and dissolved in 5 ml of chloroform. 
Duplicates of approximately 200 µl of each sample were transferred to counting vials and 
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dried at 55 ºC. After re-dissolving the samples in 200 µl of methanol, 6 ml of 30% 
hydrogen peroxide were added. The vials then were incubated at 37 ºC until the color of 
pigments in the samples disappeared. Methanol and hydrogen peroxide were evaporated at 
65 ºC, and 10 ml of scintillation cocktail was added to the vials. The vials then were 
vortexed vigorously and counted in a liquid scintillation spectrometer. The cholesterol 
absorption efficiency was calculated as: Percentage cholesterol absorption = {(14C/ 3H 
dosing mixture - 14C/ 3H feces)/( 14C/ 3H dosing mixture)}× 100. 
 
2.6. Fecal bile acids.  
Fecal bile acid samples were prepared according to Porter et al [17]. Briefly, 1 ml of 
4% ethylene glycol-NaOH was added to ~100 mg ground feces and heated at a gentle boil 
for 120 min. One ml of 20% aqueous NaCl and 0.2 ml of concentrated HCl then were 
added to the solution. Fecal bile acids then were extracted with 6 ml of diethyl ether for 3 
times. Ether was evaporated and the residue was dissolved in 3 ml of methanol. The fecal 
bile acids then were quantified enzymatically (Bi Quant, San Diego, CA).  
 
2.7. Liver lipids analysis.  
Liver samples, which were taken on day 28 of the study after the hamsters were 
sacrificed, were weighed and minced. Hepatic total lipid content was determined 
gravimetrically after extraction of ~0.25 g of liver samples in duplicate by Folch’s method 
[16]. Phosphorus was quantified by wet ashing the total lipid extract followed by the 
addition of molybdate salt and ascorbic acid according to a method of Chen et al. [18]. The 
content of PL then was determined, assuming that the average molecular weight of PL is 
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769.  The lipid samples were made soluble in water by adding Triton X-100 according to a 
method of Carr et al. [19]. Hepatic triacylglycerols (TAG) and total cholesterol then were 
quantified enzymatically (Pointe Scientific, Inc., Canton, MI). Hepatic free cholesterol was 
quantified using Free Cholesterol C (Wako Chemicals USA, Inc., Richmond, VA). The 
cholesteryl ester concentration was calculated as the difference between concentrations of 
total cholesterol and free cholesterol.  
 
2.8. Statistics analysis.  
PROC MIXED in SAS was used to analyze the data, which included treatments as 
fixed effect and blocks as random effect. If the F-value of ANOVA was significant, group 
differences were analyzed further by pair-wise comparisons. Differences were considered 
significant at P < 0.05.  
 
3. Results  
3.1. Food intake and body composition 
Food intake, weight gain, and body composition of hamsters given different dietary 
treatments are shown in Table 3. The hamsters fed 0.5% and 0.05% egg lecithin had 
greater daily food intake than did the hamsters supplemented with 5% egg lecithin (P < 
0.05). No significant difference in the initial and final body weight was observed for 
hamsters in different treatment groups (data not shown). The hamsters treated with 5% 
soybean oil, however, gained more weight than did hamsters in all the other treatment 
groups (P < 0.05), even their food intake did not differ significantly from other groups (P 
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> 0.05). There was no significant difference in carcass dry matter and lipid content among 
the different treatment groups (P > 0.05).  
 
3.2. Plasma lipoprotein and lipids concentration 
The plasma total cholesterol concentrations in hamsters were affected by dietary 
treatments in a time- and dosage-dependent manner as shown in Table 4. As we expected, 
there were no differences in the plasma total cholesterol concentration among the different 
treatment groups on day 0. Feeding 5% egg lecithin for two weeks resulted in a higher 
plasma cholesterol concentration compared with that of the other treatments (P<0.05), but 
the terminal cholesterol concentration in the 5% egg lecithin group did not significantly 
differ from that of the control. Supplementing 5% soy lecithin or 5% soybean oil for four 
weeks decreased the plasma cholesterol concentration in hamsters compared with control 
(P<0.0001 and P<0.05, respectively). In addition, the terminal cholesterol concentration in 
the 5% soy lecithin treatment group was lower than that in the 5% soybean oil group 
(P<0.05). The 0.5% and 0.05% dosages of both soy lecithin and egg lecithin 
supplementations did not result in any significant difference compared with control. 
Furthermore, no significant linear correlation was observed in the concentration of soy 
lecithin with blood total cholesterol concentration when the 5% dosage was not included.  
There was no significant difference (P > 0.05) in the terminal concentrations of plasma 
HDL- cholesterol and TAG between the different treatment groups (Table 5). In contrast, 
dietary 5% soy lecithin decreased (P<0.05) the non-HDL (VLDL and LDL) cholesterol 
concentration compared with all other treatment groups except the 5% soybean oil 
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treatment (P>0.05). These data suggest that 5% soy lecithin decreased the total cholesterol 
by decreasing the non-HDL cholesterol.  
 
3.3. Cholesterol absorption efficiency 
Table 6 shows the cholesterol absorption efficiency measured in the beginning and by 
the end of the study. Lipid supplements did not result in significant differences (P > 0.05) 
in cholesterol absorption in a short term. In contrast, the cholesterol absorption measured 
by the end of the study was lower in the control group than in all other groups (P < 0.05), 
which indicates that dietary soy lecithin decreased the plasma total and non-HDL 
cholesterol concentration via a mechanism other than decreasing cholesterol absorption. 
Furthermore, the cholesterol absorption efficiency of hamsters fed 5% egg lecithin was 
greater than that in hamsters supplemented with 0.05% or 0.5% soy lecithin.  
 
3.4. Hepatic lipid content 
The concentrations of hepatic lipids including total lipid, cholesteryl ester, free 
cholesterol, TAG, and PL are shown in Table 7. The hamster fed 5% soy lecithin had the 
lowest hepatic total lipid content than did the hamsters in all other treatment groups (P < 
0.0001), which was mainly attributed to the significant decrease of cholesterol esters (P < 
0.0001). The hamsters in control, 5% egg lecithin, and 5% soybean oil groups had 
138.96%, 133.95%, and 90.84% greater cholesteryl ester content in liver, respectively, 
than did hamsters in 5% soy lecithin group (P < 0.0001). Furthermore, hamsters 
supplemented with 5% soybean oil had the second lowest content of hepatic cholesteryl 
esters (P < 0.05). The 5% soy lecithin also decreased the hepatic free cholesterol 
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concentration compared with control, 5% egg lecithin, 0.05% soy lecithin, and 0.5 % soy 
lecithin treatments (P < 0.05). The PL and TAG concentrations in liver did not differ in 
hamsters from different treatment groups (P > 0.05). The weight of liver was lower in 
hamsters supplemented with 0.5% and 5% soy lecithin, respectively, than in hamsters fed 
0.5% egg lecithin, 5% egg lecithin, 5% soybean oil, respectively (P < 0.05).  
 
3.5. Bile acid excretion 
The stool output and the fecal bile acid concentration are shown in Table 8. The daily 
stool output did not differ among hamsters from different treatment groups (P > 0.05). 
Supplement in the diet with 5% egg or soy lecithin resulted in greater fecal lipid content 
compared with hamsters in other treatment groups (P < 0.01). The fecal lipid content in 
hamsters fed 5% soybean oil, however, did not differ from those in hamsters that were fed 
lower amount of lipids (P > 0.05). Supplement with 5% soy lecithin resulted in increased 
daily fecal bile acid output compared with all other treatments (P < 0.01). Similar results 
were obtained when the daily fecal bile acid output was expressed as per 100 g bw. 
Dietary 5% soy lecithin increased approximately 41.37%, 25.45%, and 28.63% of fecal 
bile acid output per 100 g bw compared with control, 5% egg lecithin, and 5 % soybean 
oil, respectively (P < 0.01).  
 
4. Discussions 
 
The egg lecithin used in the current study contained approximately 82.10% PC. As an 
emulsifier, PC is critical for the solubilization of lipid micelles within the small intestine 
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and therefore plays an important role in the intestinal absorption of cholesterol. Several in 
vitro studies, however, showed that addition of PC to the micelles inhibits, instead of 
increasing, cholesterol absorption [20-22]. This inhibition is relieved by the hydrolysis of 
PC to lysophosphatidylcholine (LPC) by pancreatic phospholipase A2 (pPLA2)[23, 24]. An 
in vivo study conducted by Jiang et al. [9] showed that rats infused with egg PC had lower, 
whereas rats infused with soy PC had greater, lymphatic absorption of cholesterol than did 
rats not infused with PC. They suggested that the high content of saturated fatty acyl 
groups in egg PC decreased the hydrolysis rate of PC to LPC by pPLA2 and therefore 
decreased the cholesterol absorption. In contrast, in the current study, we observed that the 
cholesterol absorption efficiency was greater in hamsters supplement with soy lecithin, egg 
lecithin, or soybean oil at different concentrations than that in hamsters in the control 
group. Zierenberg and Grundy showed that most dietary PC was hydrolyzed to LPC before 
absorption in man [25]. Our data suggested that the supplemented lipids increased the 
cholesterol absorption by acting as an emulsifier and solubilizer for cholesterol. The 
possible inhibition of PC on cholesterol absorption probably was abolished by sufficient 
hydrolysis of PC to LPC in the small intestine of hamsters.  
Dietary TAG has been shown to play a role in regulation of hepatic cholesterol 
homeostasis. Hamsters supplemented with both SFA-rich oil and cholesterol had lower 
hepatic cholesteryl ester content than did hamsters fed cholesterol alone [26, 27], whereas 
dietary n-6 PUFA results in greater hepatic cholesteryl ester content than does dietary SFA 
in hamsters [26, 27], guinea pigs [28], and African green monkeys [29]. Furthermore, fish 
oil decreases hepatic cholesteryl ester content in African green monkeys compared with 
lard [30]. Consistent with these previous studies, dietary soybean oil, which contains 
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approximately 55.90% n-6 PUFA and 6.33% n-3 PUFA, resulted in decreased hepatic 
cholesteryl ester content compared with the control group in the current study. In contrast, 
the supplemented egg lecithin did not decrease hepatic cholesteryl ester content, even 
though it contained approximately 53.38% SFA, whereas 5% dietary soy lecithin resulted 
in dramatically lower hepatic cholesteryl ester content, even though its fatty acid 
composition was similar to that of soybean oil. Previous studies showed that dietary soy 
lecithin decreased the hepatic contents of total lipids and esterified cholesterol in rats 
compared with control [31], which is in agreement with our study. These results indicate 
that PL and TAG play different roles in regulation of hepatic cholesterol homeostasis.  
Numerous studies have shown high intake of SFA, especially lauric acid (C12:0), 
myristic acid (C14:0), and palmitic acid (C16:0), will result in elevated blood cholesterol 
concentration[32-34], whereas dietary unsaturated fatty acid (UFA) can decrease blood 
cholesterol concentration by increasing hepatic LDL receptor activity [26, 35]. The 
concentration of SFA in egg lecithin used in the current study was numerically greater than 
that in beef [36], which is considered as a food rich in SFA. The high content of SFA in 
egg lecithin, therefore, may contribute to the increased blood total cholesterol in hamsters 
fed 5% egg lecithin compared with control. In contrast, soybean oil and soy lecithin used 
in the current study contained similar concentrations of linoleic acid (C18:2 n-6) and 
linolenic acid (C18:3 n-3), which may contribute to their cholesterol lowering properties. 
The decrease of plasma cholesterol concentration, however, was more obvious in the 5% 
soy lecithin group than in the 5% soybean oil group, indicating some effects beyond the 
content of UFA. Wilson et al. showed that dietary soy lecithin decreased plasma total 
cholesterol and non-HDL-cholesterol in both monkeys and hamsters, and these effects 
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were not likely attributed to the high 18:2 content in soy lecithin, which was in agreement 
with our study [3]. Imazumi et al. showed that supplementation of PE decreased the blood 
cholesteryl ester and free cholesterol concentrations compared with dietary PC [37]. The 
soy lecithin used in the current study contained approximately 43.4% of PE, which also 
may contribute to its blood cholesterol lowering effect observed in the current study.  
O’Brien and Corrigan [10] showed that dietary soybean lecithin decreased the plasma 
total cholesterol concentration without affecting the HDL-cholesterol concentration, 
whereas egg lecithin increased the HDL-cholesterol concentration without affecting the 
total cholesterol concentration in guinea pigs. In contrast, Rosseneu et al. [11] showed that 
supplement of PUFA-rich lecithin increased the cholesteryl esters in HDL and decreased 
the plasma VLDL concentration, whereas dietary SFA-rich lecithin increased VLDL and 
LDL concentrations in chimpanzees. Childs et al. [4] showed that dietary soy lecithin 
increased HDL-cholesterol, and both soy lecithin and corn oil decreased LDL-cholesterol 
in human subjects. In the current study, supplementation of 5% soy lecithin decreased the 
plasma LDL-cholesterol concentration but did not affect the HDL-cholesterol 
concentration.  
Dietary soy PC increases the fecal neutral sterol excretion in rats [38] and human [5]. 
Similarly, dietary soy lecithin increased the biliary secretion of bile acids, PL, and 
cholesterol, which contributed to its cholesterol lowering effect [1, 31]. Similar results 
were observed in the current study in that supplemented soy lecithin increased the fecal 
excretion of bile acid and decreased the blood total cholesterol more than did control diet 
and soybean oil treatment. In contrast, dietary egg lecithin did not result in difference in 
fecal bile acid excretion compared with control diet. These results indicate that the 
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differences in PL composition of the two types of lecithin may contribute to their different 
effects on fecal bile acid output.  
In conclusion, 5% dietary soy lecithin, but not egg lecithin, decreased the blood and 
hepatic cholesterol concentrations in hamsters. These beneficial effects could be attributed 
to, at least partly, the high PUFA content of soy lecithin and its effect to increase fecal bile 
acid excretion.  
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Table 1  
The phospholipids (PL) profile of the egg and soy lecithin.  
PL Egg Lecithin 
(wt/wt %) 
Soy Lecithin 
(wt/wt %) 
PC 82.10 34.60 
PE 17.90 43.40 
PI ND 22.00 
PC: phosphatidylcholine 
PE: phosphatidylethanolamine 
PI: phosphatidylinositol 
ND: Not detected.  
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Table 2 
Fatty acid composition of supplemented lipids in diet.  
Fatty acids Egg lecithin Soy lecithin Soybean oil 
 (g/100 g of fatty acids) 
C16:0 37.09 20.64 11.55 
C16:1 1.06 0.08 0.09 
C18:0 16.29 4.22 3.71 
C18:1 n-9 28.65 8.24 21.55 
C18:2 n-6 14.33 59.00 55.90 
C18:3 n-3 ND 6.71 6.33 
C20:0 ND 0.41 0.13 
C22:0 ND 0.70 0.73 
C20:4 2.58 ND ND 
SFA1 53.38 25.97 16.12 
MUFA2 29.71 8.32 21.64 
PUFA3 16.88 65.71 62.23 
1Saturated fatty acids. 
2Munounsaturated fatty acids. 
3Polyunsaturated fatty acids.  
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Table 3 
Food intake, body weight gain, and body composition of hamsters supplemented with 
different lipids for 4 wk1 
Treatment Food intake 
daily (g) 
 
Weight gain 
(g) 
Carcass dry 
matter  
(wt %) 
Carcass 
lipids  
(wt %) 
Control 9.61a,b 18.19b,c 41.73 21.42 
0.05% egg lecithin 9.85a 19.83b,c 42.76 22.57 
0.5% egg lecithin 9.75a 18.49b,c 42.08 21.60 
5% egg lecithin 8.98b 20.73b 41.19 20.23 
0.05% soy lecithin 9.59a,b 19.35b,c 42.15 21.59 
0.5% soy lecithin 9.20a,b 16.11c 41.13 19.96 
5% soy lecithin 9.37a,b 19.58b,c 43.60 21.64 
5% soybean oil 9.22a,b 25.28a 42.56 22.20 
S.E.M. 0.19 18.19 1.00 0.73 
P-value2 0.012 0.0065 0.20 0.20 
1Values represent means. Means within the same column not sharing a common 
superscript differ significantly at P < 0.05; n=10 for each treatment. 
2Obtained from ANOVA. 
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Table 4  
Treatment effects on hamster plasma cholesterol concentration at different time points1 
Plasma cholesterol concentration (mmol/l) Treatment 
Day 0 Day 14 Day 28 
Control 2.23 3.83b,c 5.86a 
0.05% egg lecithin 2.10 3.93b,c 6.09a 
0.5% egg lecithin 2.25 4.05b 5.78a,b 
5% egg lecithin 2.13 4.30a 6.05a 
0.05% soy lecithin 2.15 3.91b,c 5.68a,b 
0.5% soy lecithin 2.17 3.64c 5.64a,b 
5% soy lecithin 2.19 3.62c 4.91c 
5% soybean oil 2.07 3.85b,c 5.39b 
SEM 0.12 0.12 0.29 
P-value2 0.54 0.0059 <0.0001 
1Values represent means. Means within the same column not sharing a common 
superscript differ significantly at P < 0.05; n=10 for each treatment. 
2Obtained from ANOVA. 
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Table 5 
Treatment effects on plasma HDL- and Non-HDL-cholesterol and traiacylglycerols (TAG) 
concentrations on day 281 
Treatment 
HDL-Cholesterol 
(mmol/l) 
Non-HDL-
Cholesterol 
(mmol/l) 
TAG 
(mmol/l) 
Control 1.45 4.41a,b 2.03 
0.05% egg lecithin 1.34 4.75a 2.18 
0.5% egg lecithin 1.48 4.30a,b 1.82 
5% egg lecithin 1.35 4.71a,b 2.22 
0.05% soy lecithin 1.41 4.26b 2.31 
0.5% soy lecithin 1.40 4.27b 1.82 
5% soy lecithin 1.30 3.61c 2.14 
5% soy bean oil 1.44 3.95b,c 2.02 
S.E.M. 0.14 0.28 0.15 
P-value2 0.11 0.0001 0.28 
1Values represent means. Means within the same column not sharing a common 
superscript differ significantly at P < 0.05; n=10 for each treatment. 
2Obtained from ANOVA. 
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Table 6 
Treatment effects on cholesterol absorption at different time points1 
Cholesterol absorption efficiency (%) 
Treatment 
Day 2 Day 24 
Control 55.22 44.81c 
0.05% egg lecithin 59.22 62.46a,b 
0.5% egg lecithin 57.96 66.93a,b 
5% egg lecithin 67.84 72.65a 
0.05% soy lecithin 56.29 60.67b 
0.5% soy lecithin 54.77 58.65b 
5% soy lecithin 52.06 62.99a,b 
5% soy bean oil 61.01 61.45a,b 
S.E.M. 4.69 4.13 
P-value2 0.37 0.0027 
1Values represent means. Means within the same column not sharing a common 
superscript differ significantly at P < 0.05; n=10 for each treatment. 
2Obtained from ANOVA. 
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Table 7  
Effects of dietary lipids on liver weight and lipid concentrations of hamsters1 
Treatment 
Liver wt  
(g) 
Liver lipid 
content  
(g/100 g tissue) 
Cholesteryl 
ester (µmol/g 
tissue) 
Free 
Cholesterol 
(µmol/g tissue) 
TAG  
(µmol/g tissue) 
PL  
(µmol/g tissue) 
Control 6.11a,b 6.52a,b 51.95a 9.24b 6.92 27.34 
0.05% egg lecithin 6.11a,b 6.58a,b 50.12a 8.67b,c 7.01 26.52 
0.5% egg lecithin 6.39a 6.55a,b 48.85a 8.63b,c 6.63 26.77 
5% egg lecithin 6.44a 6.85a 50.86a 10.59a 6.57 28.58 
0.05% soy lecithin 6.15a,b 6.45a,b 49.38a 9.03b 6.83 27.19 
0.5% soy lecithin 5.60b 6.51a,b 48.40a 9.13b 6.34 26.86 
5% soy lecithin 5.80b 4.71c 21.74c 7.78c 6.02 27.66 
5% soybean oil 6.38a 6.22b 41.49b 8.29b,c 6.87 27.7 
S.E.M. 0.21 0.18 2.35 0.41 0.46 0.66 
P-value2 0.03 <0.0001 <0.0001 0.0001 0.63 0.23 
1Values represent means. Means within the same column not sharing a common superscript differ significantly at P < 0.05; n=10 
for each treatment. 
2Obtained from ANOVA.  
TAG: triacylglycerols 
PL: phospholipids 
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Table 8  
Effects of dietary lipids on daily fecal output and bile acid excretion of hamsters1 
 
Treatment 
Stool output 
(g per day)2 
Fecal lipid 
content (g/100 g 
dry stool) 
Fecal bile 
acid output 
(µmol/day) 
Fecal bile acid 
output 
(µmol/(day·100 g 
body weight) 
Control 1.48 4.91b,c 5.30b,c 3.94b,c 
0.05% egg lecithin 1.5 4.74b,c 5.56b,c 4.14b,c 
0.5% egg lecithin 1.55 4.98b,c 5.98b,c 4.29b,c 
5% egg lecithin 1.4 6.21a 6.01b,c 4.44b 
0.05% soy lecithin 1.5 4.63c 4.94c 3.61c 
0.5% soy lecithin 1.46 5.04b,c 4.79c 3.72b,c 
5% soy lecithin 1.52 6.33a 7.86a 5.57a 
5% soybean oil 1.34 5.31b 6.23b 4.32b,c 
S.E.M. 0.05 0.21 0.44 0.29 
P-value3 0.064 <0.0001 0.0001 0.0003 
1Values represent means. Means within the same column not sharing a common 
superscript differ significantly at P < 0.05; n=10 for each treatment. 
2Dry weight.  
3Obtained from ANOVA.  
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